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OPTICAL DISK APPARATUS 
FTKT.n OF THK TMVRMa^TnM 

The present invention relates to an optical disk 
apparatus tliat optically records signals in a recording 
medium and reproduces the reco2?ded signals using a laser 
beam emitted from a light source, such as a laser. More 
specifically, the invention relates to an optical disk 
apparatus equipped with a focus control system for 
controlling focusing of the light heam irradiating the 
nrecordxng medixam so that the light Jbeam is focused on a 
prescribed position of the recording medium. 

There is an optical disk apparatus in which a light 
beam emitted from a light source, such as a semiconductor 
laser, is focused on a disk type recording medium rotating 
at a prescribed speed, and signals are recorded in or 
reproduced from the recording medixim, as described in 
Japanese 'published Patent Application No, Hei, 7-129968. 
The disk type recording medium has spiral or concentric 
tracks. ^The width of the tracks is about 0,6 jam, and the - 
pitch of the tracks is about 1.5 iim. In order to record 
signals on the tracks or reproduce signals recorded on the 
tracks, focusing of the light beam irradiating the recording 
medium is controlled so that the light beam is focused on a 
prescribed position of the recora±ng medium. 
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F±gux^ 19 ±s a block diagram illus'tra-fclng an example of 
an op-fcical <Jxslc appax-at:\is includ.±ng a focus con-tarol sys-tein* 

The appar-a-tus sliown ±n figure 19 comprises a JLight 
sovjirce 1 , siuoh. as a samiconcfLuc'tor laser, th-ai:: em±*ts a ligli-t 
beam a -toward, a disk 7 (recording medium), a coupling lens 
2, a polarizat:ion beam spli-fc-ter 3, a polarizing plat:e 4, a 
focusing lens 5^ and a disk: motror 6 for rot:a"ting -febe disk 7 
a-fc a prescribed speed • A ligbt beam 8 eraitited from -tbe 
ligbt; source 1 is collima-fced by tbe coupling lens 2, and 
f ref lac-ted by tbe poH arization beam spli-ttier 3 -to -fcbe 

;f polarizing plate 4- Tbe llgb-t beam t;ben travels tbrougK -fcbe 
S polarizing plate 4 and tbe focusing lens 5 and is focused on 
1 -tbe disk 7 rotated by tha disk motor 6 - 

,1. Tbis apparatus furtber comprises a condenses- lens 9 an<3 

a split mirror lO as elements receiving a light beam 

;{ reflected at tbe disk 7. Tbe reflected light beam travels 
through the focusing lens 5, polarizing plate 4, the 
polarization beam splitter 3, and the condenser lens 9 and 
is split into two beams 11 and 15 by the split lens lO. The 
light beams 11 and 15 are applied to a focus control system 
and a tracking control system, respectively - 

The focus control system comprises a two— element 
photodetector 12, a preamplifiers ISA and 13B^ a 
differential amplifier 14, a phase compensator 18 ^ a linear 
motor 19, a switch 33, a driving circuit 35, a focus control 



elemen.-b (focus actuatzor) 36, a logics circuit 40> a 
compar-a-fcor 41, and a chopping wave genex-a-toir 42. The two- 
©lemen-t pliotiodetec-fcojr 12 has -fcwo light x-esponsive parts A 
and B. Output signals from the light- responsive parts A and 
B are amplified fcry the preajnplif iera 13A and 13B^ 
respectively, and input to the differential amplifier 14, A 
knife edge detection is realized by the condenser lens 9 and 
the split mirror lO, and a signal output from the 
differential amplifier 14 is a focus error signal 
(hereinafter referred to as FE signal). 

The phase of the FE signal in the focus control system 
is compensated hy the phase compensator 18, and the switch 
33 opens or closes a loop of the focus control system. When 
the focus control system is closed hy the switch 33, the FE 
signal output from the phase compensator 18 is sent to the 
driving circuit 35 through the switch 33. The driving * 
circuit 35 amplifies the FE signal and sends the FE signal 
to the fQcus control element 36. In this structure, when 
the focus control system is in the closed state, the focus 
control 'element 30 is driven so that the light heam is 
always focused on a prescribed position of the disk 7. 
Further, an output signal from the chopping wave generator 
42 is also input to the switch 33, The FE signal is also 
input to the logic circuit 40 through the comparator 41, 
The logic circuit 40 controls the opening and closing 
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opex-ation. of tilie swi-tct\ 33* 

Thie linear* motor 19 moves "tltie focusing lens 5, th^e 
focus control element; 36, the polarization beam splitter 3 
an(a the li>^:o ±n the d.±rection transverse to the tracks on 
the disK 7. The linear motor 19 is operated when the focal 
point of the light heam is moved to a prescribed track. 

On the other hand, the light beam 15 from the split 
mirror XO ±s input to tbe two-element photodetector 16 in 
the tracking servo system. The photodetector 16 has two 
light responsive parts C and D, and a difference between 
output signals from the respective light responsive pax-ts C 
and D becomes a track error signal* The light beam on the 
dis>c 7 is con-t3colloa by -fcbis tx-acJc axrror signal to correctly 
scan the. tracks on rlie <aisk 7, Since tbo present inv-erttion 
does not relate to the tracking control ^ detailed 
descriptiorx of tbe. trracking control is omitted here* 

In the optical disk apparatus witb the focus control 
system shown in figure 19, the focus control is performed as 
described in the following. 

Initially, the disk 7 is rotated by the disk motor 6, 
When a prescribed rotating speed is reached, the switch 33 
selects the chopping wave generator 42, and the focus 
control elemen-n 3 6 is operated in response to a signal 
output from the chopping wave generator 42, whereby the 
focusing lens 5 is moveid up and down, i.e., in the direction 



"the focal poin-fc a£ 1:lie Ixght; b^am on -fcbe <l±sk^ 7 moves up anci 
down. A-t "this time, an S-shaped FE signal (heareinaf tex* 
aref ©zrirod -fco ©ls S signal ) whioh appeax-s when iilie £ocal point: 
of -the ligli-fc hearti passes through the irecording face is 
detected by the compax-atox 41 • By the detection of the S 
signal , the logic cixcuit 40 knows whether- the focal point 
of the light beam is positioned in the vicinity of the 
xecor-ding face or not. When the focal point is positioned 
in the vicinity of the ^recording face^ the logic cix-cuit 40 
controls the switch 33 to select tilie phase compensator IB • 
In this way, the focus servo loop is closed, and the focus 
control (focus lead-in) is performed so that the light beam 
is focused on a prescribed target position. 

The focus lead-in will be described with reference to 
f±gures 20(a), aO(h>>, 21, and 22. Figures 20(a) and 20<b) 
illustrate a waveform of a focusing lens driving signal and 
a waveform of an FE signal having S signals , respectively, 
at the focus lead-in. * Figure 21 illustrates a waveform for 
explaining t:t\e rela-tionstiip between tbe focus lead— in level 
and S signals tbat appear in tlie FE signal at a protection 
film at the surface of the disk 7 and at the recording film 
when the focusing lens 5 comes close to and goes away from 
the disk 7 . Figure 22 is a flow chart showing a fundamental 
focus lead-in procedure in the focus control system. 
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As sliown in figiaxo 22, when -the reading and reproducing 
appara'tus is turnad on, the disJc mo -cor 6 is -turned on and 
t:he disk 7 is rotaired ( s-tep S21 ) • When -the disk: 7 readies a 
prosoribed rotating speed, -fchie light source 1 is turned on, 
and the semiconductor las^r emits light ( step S22 ) . 
Subsequently, th& linear motor 19 is driven to move the 
focusing lens 5 toward the inner circumference of the disk 7 
(step S23 ) • The above-mentioned initial operation is 
J followed by the focus lead-in operation . 

;: In the focus lead-in operation, initially, the focusing 

i lens 5 is moved down away from the disk 7, in response to an 
Z output signal from the chopping wave generator 42 ( step 

S24: ) . Thereafter, the focusing lens 5 is moved up toward 
the disk- 7 (step S25 ) . While repeating the up and down 
J movement of the focusing lens 5, it is detected that the S 
} signal reaches a prescribed lead-in level (step S26 ) - ►After 
the prescribed lead-in level is reached, the logic circiait 

40 controls the switch 33 to select the phase compensator 
18, and the up and down movement of the focusing lens 5 is 
stopped* (step S27 ) . Then, the focus control system is 
turned on (step S28), the focus lead-in is ended, and the 
focus control is started. 

The detection level (lead-in level) of the comparator 

41 for the focus lead-in is normalized by the amplitudes of 
the S signals which are output due to the reflection at the 
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irecoar<a±jig film of -bh^ disk: 7 anol -fcliei 3raflec-t±on at tlie 
pro-tection film * Tliat: ±3, as sliown ±n f igux^e 21, -ttie focus 
lead-±rx level is set: wi-tliin a lineax- inteirval t:lia-t is lar-geir 
-tHan -tlie pealc of -fctie S signal at: -tlie px*o-fcect:ion film and 
be-tween -tlie pe^Jc of tne s signal a-t -the i-ecoirding film and 
±tie zez*o level - 

WK€in -ttie priOT- art focus lead-in process is applied to 
large capacity optical disks liaving two or more information 
faces as sliown in figures 6(a) and 6Cb), for example, a 
<3.igital video disk: (hereinafter referred to as a DVD), S 
signals appear at every passing of tKe focal point of tne 
ligh^t beam tbrough eacht information face, so tbat S signals 
as many as tbe information faces appear when the f ocus±ng 
lens is moved up and down during the focus lead-in 
operation- For example, in a dual— layer DVD, as shov/n in 
figure 7 , in addit.i on to small S signals at the protection 

inlfOrraatlOn face. Xlic^iXtiXui^, ixl tho j^arioxr ci^r-b d^OdviC: oor^-t3r<=>3_ 

system, when the S signal at the surface protection film is 
detected by mistake, the focus control turns on at that part 
and the focus lead-in ends in a failure* Likewise, when the 
focus control turns on at the two S signals on the 
information face, it cannot be detected that the focus lead- 
in is performed on which one of the two information faces. 
Therefore, it is very difficult to reproduce information by 



- 8 - 

select:±rig orte of "tKe "bwo ±n.f oTrma*t:±Qxx faces cer"tain.Xy and 
per-f orxning foc\is con.'tx'ol an<3. tracKing contr-ol. on -tti^ 
selec-ted inf ormatiion face. 

Fu-r-tyiery ±n order -to realise:© a ciompa*txb±l±*ty fae-twe&n a 
DVD and a CD, opt:xcal tiead sliown in figuxe 1 includes a 

tiologram element 106 -that: produces -two focuses 107a and 
X07t>. Xn -ttiis case, wH^.n -the disk loaded ±n -the apparatrus 
Kas a singXe inf 02rmat:ion face like a CD, an S signaX appealers 
at eachi focal point, so that it is difficult to decide tiiat 
ttie focus Xead-in sliould t>e perfoirmed at whicli one of tlie 
two focuses, WUen the disk loaded in th.e appar-atus is a DVD 
having two information faces, at least six S signals appear 
in the signal at each UP or DOWN of the focusing lens 105 

as shown in figure 7. Further, when the surface deflection 
of the disk is lazrcfe, the S signals interfere with each 
other and hecomo nonli rK^iaLX" - In this case, it is almost, 
impossihle to lean the lead-in level by measuring the 
amplitudes of the S signals and detect the information face 
on which the focus load-in should he performed - 

Furthermore, when the disk loaded in the apparatus is a. 
disk having two or more information faces, the eccentricity, 
the focus offset value, the tracking offset value, the focus 
gain value, the tracking gain value, and the focus error 
during the detection vary for each information face. 
Therefore, even thought these correction values are 



a.pparopr±a-t©Xy seir fox* one ±nf oirnia't±on fac^, when •th.e XxgK-fc 
beam ±3 moved, "to axiottisx inf onrma.t:±on £^oo £ox- 3repx*o<auci;i.orx 
ox* jrecoirding of inf ornia"t±on^ consider* able focus eanroi? aind 
■fcx-ack ex-r-ox" occur* on -fclial:: inf ox-ina't±on face^ wliereby "bhe 
focus contiirol and tl^e tracKing con-tzrol become unstable. 
Fu3r-fctiear, in trbo de-tecfcion of -fcx-aclcs, -tine focus eararox* becomes 
significant: because t:be ligbt: beam cxrosses t;be grooves, so 
•tbat: stable detection cannot: be pex-foxtned. 

Furtbei'mor-e, tlie px*ior ar-t: optical disk apparatus is 
not suited for a CD, a single-layer DVD, a dual-layer DVD, 
and a disk of write once read many type, such, as a CD— R or a 
DVD-R* Wben sucb a disk is loaded in tbe apparatus, tbe 
apparatus indicates an error or thie disk is compulsorily 
ejected from tlie apparatus. 

An object of the present invention is to provide a^i 
optical disk apparatus that can perform a tiigh- speed and 
stable focus lead-in operation even wben a dual- layer disk 
or a multiple-layer disk is loaded in the apparatus or when 
an optical bead for irradiating the disk with a light beam 
bas two focuses corresponding to disks having different base 
mater i al tbicknesses . 

Another object of the present invention is to provide a 
bigbly reliable optical disk apparatus tbat can move a focus 
of light beam between layers of the disk stably at bigb 



epoe<a, -tKat csLn secure stiff ±c±en*t per-f ormances of focusing, 
•fcracJtxng, anci li3:ac}<: seelcing foz" eachi layer, anti -ttiat: ±3 
siax-ted. foz? a la3rge-capac±t:y dual— Xayer or mult:±ple-layor* 

Ot:l::ie3r ot>ject:s and. advantiages of "the dLnv^n-tion w±ll 
become apparent: from -fche detrailed descr±pi:±on "thai: follows . 
Tlie del:a±led de^55c:ripl:±on and spec±f±c embod±ment:s described 
are provided only for illust:ra-txon since various addi-fcions: 
and modif ica'fcions within -the scope of -the inven-tion will be 
apparent: to "those of skill in the art: from the detailed 
description . 

According to a first aspect of the present invention, 
an optical disk apparatus comprises a focusing means for 
focusing a light beam on a recording medixim having first and 
second information faces; a moving means for moving a focal 
point of the light beam focused by the focusing means in a 
direction substantially perpendicular to the informatiori 
faces o£ the recording medium; a light detecting means for 
detecting a reflected light of the focused light beam from 
the recording medium; a focus condition detecting means for 
detecting a focus condition of the light beajn irradiating 
the infoxTnation faces on the basis of an output signal from 
the light detecting means; a focua control means for driving 
the moving means on the basis of an output signal from the 
focus condition detecting means, and controlling the light 



t)esLm BO -ttia-t:: -fcino dEocus con€ix"fc±on of the Xigh.1; beam becomes a 
px-escribed. focus confi±"t:ion; ancL a focus jumping me^ns foar 
moving trhe focal point: of "the liglnt: beam from -tbe f iirsi: 
inf oarmatrion face -to tbe secondl inf oxma-tion face by driving 
•fcbe moving mea^s . Tl^e focus j umping means compr-iscis an 
acceiezra"ting means for moving *fcbe focal poin-t of -tbe ligbii 
beam from -tH© first: inf orniat:ion face t:o t;be second 
informa-fcion face; a tiiming signal genera1:ing means for 
generating a timing signal that operates the focus control 
m^3.ns on tbe basis of an output signal from tbe focus 
condition detecting means; and a decelerating means for 
decelerating the moving speed of the focal point of the 
light beam in response to a signal from the timing signal 
generating means. In this apparatus, in the focus control 
holding state, the accelerating signal and the decelerating 
signal, having opposite polarities, are applied to the JLight 
beam moving means, whereby the light beam is moved between 
two information faces ♦ Further, the light beam's reaching a 
target information face or going a little over the 
information face is detected by an output from the light 
beam focusing condition detecting means, whereby the focus 
control means is operated* Therefore, in a dual— layer dis>c 
or a multiple— layer disJc, the focus jumping from one 
information face to another information face can be 
performed at high speed, with high reliability. 
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Accor-ding -fco & second aspect; of -thie presen-fc Invention^ 
an opticai dislc apparatius comprises a foou3ing means £02: 
:focus±ng a lighxt; tjeam on a recording medi-um liaving first; and 
second information faces ; a moving maans for moving a focal- 
point: of t:rie liglitt: beam focused i>y t:3ne focusing moans in a 
direct:ion siil>st:ant:iaHy perpendicular -fco -fclrie information 
faces of -tKe recording medium; a light: detecting means for 
detecting a reflected lighit of tlie focused light bea.m from 
the recording medium; a focus condition detecting means for 
detecting a focus condition of the light beam irradiating 
The information faces on the basis of an output signal from 
the light detecting means; a focus control means for driving 
the moving means on the basis of an output signal from the 
focus condition detecting means, and controlling the light 
beam so that the focus condition of the light beam becomes a 
prescribed focus condition; and a focus jumping means for 
moving the focal point of the light beam from the first 
information face to the second information face by driving 
the moving means. The focus jumping means comprises an 
accelerating means for generating an accelerating signal for 
moving the focal point of the light beam from one of the 
first and second information faces of the recording medium 
-co the other information face; and a decelerating means for 
decelerating the moving speed of the focal point of the 
light beam. In this apparatus, when the recording medium is 
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se*t iiox-iscorLtall;^^ a pr-o^uct: of ^ peak valus and a. "time 
±n-te:irval o£ -this acceXex-ating signal wtien -tH^ focal poi-xit of 
ttae lighL-t t^eam ±s moved from -fchie lowejc inf ox-mat; ion faoe to 
"th.© upper* inf orrnatrion face is lax-^ex ttian a product of a 
pealc value and^ a t:iine interval of the acoeloratin^ signal - 
when the fooal point of the light he am is moved from the 
upper information face to the lower information face* 
Therefore, a stahility of the focus Jumping i3 secured • 

According to a third aspect of the present invention, 
in the ah ove- mentioned optical disJ< apparatus , when the 
recording medium is set horiziontally , the peak: value of the 
accelerating signal when the focal point of the light beam 
is moved from the lower information face to the upper 
information face is larger than the peak value of the 
accelerating signal when the focal point of the light heam 
is moved from the upper inf orrnation face to the lower 
information face, and the time interval of the accelerating 
signal is the same for both movements . Therefore^ a 
stability of the focus jumping is secured, 

According to a fourth aspect of the present invention, 
in the above— mentioned optical disk apparatus, when the 
recording medium is set horizontally, the time interval of 
•Che accelerating signal when the focal point of the light 
beam is moved from the lower information face to the upper 
information face is longer than the time interval of the 
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acc^iera-ting s±gnal wKen -the focal poin-t of tlie llglit: beam 
is moved from -tlie upper inf oxTna-fc±on faoe -to -tne lower* 
Informa-bion face, and -the peak value of -the acoelera-ti-ng 
signal is tlTi^ same -Tor bo-tli movemen-ts , Tlieref ore, a 
st:aJbili-ty of the focus Jumping is secured. 

According -to a fif-fchv aspect; of "the present: invention, 
an optical disk apparatus comprises a focusing means for 
focusing a light beam on a recording medium Having first and 
second information faces; a moving means for moving a focal 
point of the light beam focused by the focusing means in a 
direction substantially perpendicular to the information 
faces of the recording medium; a light detecting means for 
detecting a reflected light of the focused light beam from 
the recording medium; a focus condition detecting means, for 
detecting a focus condition of the light beam irradiating 
the information faces on the basis of an output signal .from 
the light detecting means; a focus control means for driving 
the movxng means on the basis of an output signal from the 
focus condition detecting means, and controlling the light 
beam so that the focus condition of the light beam becomes a 
prescribed focus condition; and a focus Jumping means for 
moving the focal point of the light beam from the first 
information face to the second information face by driving 
the moving means. The focus jumping means comprises an 
accelerating means for generating an accelerating signal for 
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movingr "tH© rfooal point: of irhe l±0h*t tieam from one of "the 
first: an^ secon<3 ±nf oxmatiion faces of tlie r-ecoTrding medium 
t:o -ttie ottL^r inf ormatrion face; and a decaleratiing means for- 
Qenera-fcinQ a decelex-atring signai for decelerating -tlrx^ moving 
speed of rhe focal point: of the ligh.t; beam. Xn tliis 
apparatus, wlnen tb.e recording medium is set horizontally, a 
product of a peak value and a time interval of the 
decelerating signal when the focal point of the light beam 
is moved from the lower information face to the upper 
information face is smaller than a product of a peak value 
and a time interval of the decelerating signal when the 
focal point of the light beam is moved from the upper 
information face to the lower information face- Therefore, 
a stability of the focus jxiraping is secured - 

According to a sixth aspect of the present invention, 
in the above-mentioned apparatus, when the recording medixim 
is set horizontally, the peak value of the decelerating 
signal when the focal point of the light beam is moved from 
the lower information face to the upper information face is 
smaller than t:he peak value of the decelerating signal when 
the focal point: of the light beam is moved from the upper 
information face to the lower information face, and the time 
intrerval of t:he decelezrating signal is the same for both 
movements. Therefore, a stability of the focus Jumping is 
secured . 
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Accox-<a±ng to a seventli aspect: of t:he present: xnvent:±on, 
in "ttie above— men-fcioned appaxratuis ^ when -ttiet x-©oo3rd.±ng me^dium 
±s se"t lioz*±20ni:ally , "the "time internal of -the dtecelerating 
signal when the focal point of the light beam is movecl firorn 
the lower inf OT^i^sitlon faoe to the uppex- infoxmation face is 
shoarter- than the time intex^al of the decelerating signal 
when the focal point of the light beam is movedL from the 
upper information face to the lower infoxrmation face, an<a 
the peak valine of the decelerating signal is the same for 
both movements. Therefore, a stability of the focus jumping 
is secured. 

According to an eighth aspect of the present invention, 
an optical disk apparatus comprises a focusing means for 
focusing a light beam on a recording medium having first and 
second information faces; a moving means for moving a focal 
point of the light beam focused by the focusing means in a 
direction substantially perpendicular- to the information 
faces of* the recording medium; a light detecting means for 
detecting a reflected light of the focused light beam from 
the recording medium; a focus condition detecting means for 
detecting a focus condition of the light beam irradiating 
the information faces on the basis of an output signal from 
the light detecting means; a focus control means fox- driving 
the moving means on the basis of an output signal from the 
focus condition detecting means, and controlling the light 
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toea.m ao "tKa-t ^^ei focus c:ondl±-t±on Of 'ttiG. l±ght: beam becomes a 
prescribed focus con<3it:±on ; and a focus J uinp±ng means for 
moving tlie focal poin-t of -tix^ liglxt: beam from "tbe first: 
inf oxTnat;ion face t:o -tbe second informa-txon face by driving 
tb© moving means » Tbe focus j-Lunping moans comparises an 
acceiera-ting means for genera-ting an acceler acting signal for 
moving tbe focal poin-t of -fcbe ligbt: beam from one of -fcbe 
firs-t and second information faces of -tbe recording medium 
"to tbe Q-tber informa-tion face; and a decelerating means for 
decelerating tbe moving speed of tbe focal point of tbe 
ligbt beam* In tbls apparatus , a paroduct of a peaVs: value 
and a time interval of tbe accelerating signal for moving 
tbe focal point of tbe ligbt beam from tbe lower information 
face to tbe upper information face wben tbe recording medium 
is set borizontally is larger tban a product of a pealc value 
and a time interval of tbe accelerating signal wben tbe^ 
recording medium is set vertically. Tberefore, a stability 
of tbe dfocus Jumping is secured. 

According to a nintb aspect of tbe present invention^ 
in tbe above-mentioned apparatus , tbe pealc value of tbe 
accelerating signal for moving tbe focal point of tbe ligbt 
beam from tbe lower information face to tbe upper 
information face wben tbe recording medium is set 
borizontally is larger tban tbe peak value of tbe 
accelerating signal wben tbe recording medium is set 
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veirt:±GalXy, and -ttxe t:±me lnt:©arval o£ "the acceler-a-tlng sxgnal 
is the same f03r botlii cases. Tlxex-ef oire, a st;a]Dxl±t:y of the 
focus jumping ±s secured. 

Acoo^rd.±Tig to a. tenth aspect: of the present invention^ 
±n the above-mentioned apparatus, the time interval of the 
accelerating signal for moving the focal point of the light 
beam from tlie lower information face to the upper 
information face when the recording medium is set 
horizontally is longer than the time interval of the 
acce.1 crating signal wl\en tlie recording medium is set 
vertically, and the peaH value of the accelerating signal is 
the same for both cases. Therefore, a. stability of the 
foous jumping is secured. 

According to an eleventh aspect of the present 
invention^ an optical disk: apparatus comprises a focusing 
means for focusing a light beam on a recording medium having 
first: and second information faces; a moving means for 
moving a focal point of the light beam focused by the 
focusing means in a direction substantially perpendicular to 
the inf6rmat:ion faces of tbe recording medium; a light: 
detecting means for detecting a reflected light of the 
focused light beam from the recording medium; a focus 
condition detecting means foi- detecting a focus condition of 
the ligbt beam irradiating the information faces on tbe 
basis of an outiput: signal from the light detecting means; a 
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focus ooxi-tx-ol means foar driving "tiie moving* m^ans on -the 
bas±£i o£ an ou-bput: signal from tlie 3tociis oondi-tion tie-tec-ting 
means, and contzroiling -tiie liglit; ttearn so tliat: t:lie focus 
oondi-fcion o£ irhio iigKt: ]beam becomes a presctiribed focus 
condi-fcion; and, a focus Jumping means foar moving -tKe focal 
point of -fclie ligti-fc beaim firom titie fi2rs*t inf oarmalzion face -to 
•tbe second inf oarma-tion face t>y di*iving trlie moving means . 
Th.e focus jumping means comprises an accelera-ting means for 
generat:ing an aacelerating signal for moving -tiie focal point: 
of -tine ligb-t boam from ons of -ttie first: and second 
inf ormatiion faces of "tbe recording medium -to t:hLe otiber 
information face; and a decelerating means for generating a 
decelerating signal for decelerating the moving speed of tbe 
focal point of tbe ligbt beam. in tbis apparatus, a product 
of a peaJc value and a time interval of tbe decelerating 
signal for moving tbe focal point of tbe light beam frctm tbe 
lower infoacraation face to tbe upper information face when 
tbe recording medium is set horizontally is smaller than a 
product of a peak value and a time interval of tbe 
decelerating signal wben the recording medium is set 
vertically. Therefore, a stability of tbe focus Jumping is 
secured . 

According to an twelfth aspect of the present 
invention, in tbe above-mentioned apparatus, tbe peak value 
of the decelerating signal for moving tbe focal point of the 
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ll.gK't: beam from tHo Ipwex xrv formation face, "to -fctie upper- 
±nf OJ^mation face when t:he irecox-d.±ng medium Is set 
tioirizon-taXly xs amallex- -than thie peaic value of the 
deoelearating signal when the recording medium is set 
vertically, and the time Interval of the decelerating signal 
is the same for hoth cases. Therefore, a stahility of the 
focus Jumping is secured - 

According to a thirteenth aspect of the present 
invention, in the above-mentioned apparatus, the time 
interval of the decelerating signal for moving the focal 
point of the light beam from the lower information face to 
the upper information face when the recording medium is set 
horizontally is shorter than the time interval of the 
decelerating signal when the recording medium is set 
vertically, and the pealc value of the decelerating signal is 
the same for both cases. Therefore, a stability of the 
focus jumping is secured* 

According to a fourteenth aspect of the present 
invention, an optical disk apparatus comprises a focusing 
means for focusing a light beam on a recording medium having 
first and second information faces; a moving means for 
moving a focal point of -the light beam focused by the 
focusing means in a direction substantially perpendiculex- to 
the information faces of the recording medium; a light 
detecting means for detecting a reflected light of the 
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focused liglit: b^am from tlie orecoxcldLncj medium; a focus 
coridxt:±oi\ detecting means for* dei:eci:±ngr a focuB condition of 
the light beam irradiating the information faces on the 
bsLsis of an outp-ut signal from the light detecting means? a 
focus control means for driving the moving means on the 
basis of an output signal from the focus condition detecting 
means, and controlling the light beam so that the focus 
condition of tbe ligtit beam becomes a prescribed focus 
condition; and a focus jumping means for moving the focal 
point of the light be^am from the first information face to 
the second information face by driving the moving means. 
The focus jumping means comprises an accelerating means for 
generating an accelerating signal for moving the focal point 
o f the 1 i ght beam f r om one o f the first and s econd 
information faces of the recording medium to the other 
information face; and a decelerating means for decelera:ting 
the moving speed of the focal point of -the light beam. in 
this apparatus , a product of a pealc value and a time 
interval of the accelerating signal for moving the focal 
point; of the light beam from the upper information face to 
the lower information face when the recording medium is set 
horizontally is smaller than a product of a peak: value and a 
time interval of the accelerating signal when the recording 
medium is set vertically. Therefore^ a stability of the 
focus jumping is secured. 
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According -bo a fif-te©n.t:li aspect: of "the pzrasent; 
inven-tlon, in -the above-men-txoned appara-tus, ttie peak: value 
of -ttie acoeler-a-ting signal :for moving -ttie focal point of t:He 
ligli-t beam f jTom t:l:ie Tjppexr inf oirnia-fcion £ace "to "ttie lower 
inf oarma'tion face whien ttie xecror-caing meclluin Is 3 eft 
liorizontally is smalleir -fchan trhie pealc value of -tlie 
acceleira-ting signal wKen t:he zrecording medium is set: 
ver-fcicallyy and "the -Cime in-tei-val of -tine accelearating signal 
is ttie same fox- botli casea • Thex-ef ore , a stability of ttie 
focus jumping is secured* 

According to a sixteenth! aspect of tbe present 
invention, in tine above-mentioned apparatus, the time 
interval of tKe accelerating signal for moving tbe focal 
point of-tbe liglnt beam from tbe upper information face to 
tine lower information face wben tine recording medium is set 
borizontally is sborter tlnan the time interval of the 
accelerating signal when the recording medium is set 
vertically, and the pealc value of the accelerating signal Is 
the same for both cases. Therefore, a stability of the 
focus Jumping is secure<3 . 

According to a seventeenth aspect of the present 
invention, an optical disk apparatus comprises a focusing 
means for focusing a light beam on a recording medium having 
first and second information faces; a moving means for 
moving a focal point of the light beam focused by the 
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focusing means in a ti±ireot:ion sub st:an-b± ally perpendLicular- -fco 
■the inf orma-fclon faces of t;t\e x-ecoraing meaixim; a ligK-t 
de-tec-ting m^ans for- de-tecting a r-ef lected llgUt: of -the 
focuaod ligli-t beam fjrom tlie irecox-ding medium; a focus 
condii:ion detieccing means for* detecting a focus condition of 
tlie light beam irradiating tbe information faces on tbe 
basis of an ou-tput signal from the light de*tecting means; a 
focus control means for driving the moving means on -the 
basis of an output signal from the focus condition detecting 
means, and controlling the light beam so t:hat the focus 
condition of the light beam becomes a prescribed focus 
condition; and a focus jumping means for moving the focal 
poin-t of -the light beam from the first information face "to 
the second information face by driving the moving means. 
The focus jumping means comprises an accelerating means for 
generating an accelerating signal for moving the focal point 
of the light beam from one of the first and second 
information faces of the recording medium to the ot;her 
information face; and a decelerating means for generating a 
deceler^-ting signal for decelerating -the moving speed of the 
focal point of the light beam. In -this apparatus, a product 
of a pealc value and a time int:erval of the deceleral:ing 
signal for moving -the focal poin-t of the light beam from the 
upper information face to the lower information face when 
-the recording medium is se-t horizontally is larger than a 
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pro<auci: of a poak: vaX^jie anti a -fcime ±ni:exyal of tin© 
d.ecelera'txng signal wtien tilie recor-ding medtdLum is set: 
veir-tically • Therefore, a si:abili1:y of the focus Jumping is 
secured . 

According, to an eighteenth aspect of the present 
invention, in the ahove-mentioned apparatus, the peaK value 
of the decelerating signal for moving the focal point of the 
light beam from the upper information face to the lower 
information face when the recording medium is set 
horizontally is larger than the peak; value of the 
decelerating signal when the recording medium is set 
vertically, and the time interval of the decelerating signal 
is the same for both casas - Therefore, a stability of the 
focus Jumping is secured. 

According to a nineteenth aspect of the present 
invention, in the above-mentioned apparatus, the time 
interval of the decelerating signal for moving the focal 
point of the light beam from the upper information face to 
the lower information face when the recording medium is set 
horizontally is longer tban the time inteirval of tl^e 
decelerating signal when the recording medium is set 
vertically, and the peak value of the decelerating signal is 
the same for both cases- Therefore, a stability of the 
focus Jumping is secured • 

According to a twentieth aspect of the present 
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irwan-fcion, an optidLcal dxslc appara-tus comprxses a focusing 
means for- focusing a Xigtir t>eani on a jrecoardLxng medium having 
fiirst: and second ±nf oxroa-tion faces; a moving means for 
moving a focal poin-t of the iight b^am focused by "tbs 
focusing means, in a direction substan-tially pex-pendiculaar -fco 
-tbe infoirma-tion faces of tbe recording medium; a ligbt 
detecting means for detecting a reflected ligbt of tbe 
focused light: beam from the recording medium; a focus 
control means for detecting a focus condition of the light 
beam irradiating the information faces on the basis of an 
output signal from the light detecting means, driving the 
moving means on the basis of the detection signal^ and 
controlling the light beam so that the focus condition of 
the light beam becomes a prescx-ibed focus condition 7 e focus 
jumping means for moving the focal point of the light beam 
from the first information face to the second information 
face by driving the moving means ; and a reflected light 
amount storage means for storing signals corresponding to 
the amount of reflected light which are detected by the 
light directing means when the focal point of the light beam 
is passed through the first and second information faces by 
driving the moving means so that the light beam goes away 
from or close to the recording medium. Xn this apparatus, 
when a focus jumping is performed by the focus jumping 
means, a gain of the focus control means is changed 
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acGording -fco iztie ^7al^les fs-tozredl in ttie aref lected light: amoiint: 
storage means- Tl^eiref or^, even wlien -the amoun-t o£ refleo-ted 
Xight from each information face of a dual-layer disk or a 
mul-tiple-laver disk varies and -thereby an S amplitude of an 
FE (focus error) signal varies, or even when the S amplitude 
of the FE signal or the like varies between different disks, 
apparatuses, or heads, the focus jumping can be performed 
stably againsr tbese variations- 

According to a twenty- first aspect of the present 
invention^ in the above-mentioned apparatus, when the focus 
Jumping is performed by the focus jumping means, a focus 
control lead-in level is set according to the values stored 
in the reflected light amount storage means. Therefore, 
when tbe lead-±n level at the focus jumping is calculaiied 
and set individually, more stable focus lead-in is realized* 

Accox-ding to a twenty-second aspect of the present, 
invention, in -the above— mentioned apparatus, a foous control 
lead-in 'level for the focus jumping is set according to an 
output signal from the focus control means a gain of which 
is changed according to the values stored in the reflected 
light amount storage means- Therefore, the focus jumping 
can be performed stably against variations in the amount of 
reflected light from information faces of a dual-layer disk 
or a multiple-layer disk, or variations in the amplitude of 
the S signal between different disks, apparatuses, or heads. 
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Accox-tiing -to a -tw^n-ty-t:hxi:a aspect: o£ t:h.e preseni: 
inven-tion, an op1:±cal dlsK apparatus comprises a focusing 
means £or- focusing a ligl^t beam on a r-ecoirding medium having 
±±xrs^ and second inf oarmat:ion faces? a moving means £or 
moving a focal, point: of trlie ligl^-c t>eam focused by tihe 
focusing means in a diarect;ion substzan-tially pex-pendiculai: t:o 
tne inf or-matiion faces of t:be recording medium; a light: 
det;ect:ing means for de-cecting a reflected ligti-fc of the 
focused light: beam from the recording medium; a focus 
control means for de^tecting a focus condition of the light 
beam irradiating the information faces on the basis of an 
output signal from the light detecting means, driving the 
moving means on the basis of t:he detect:ion signal, and 
controlling the light beam so that the focus condition of 
the light beam becomes a prescribed focus condition; a focus 
j umping means for moving the focal point of the 1 ight beam 
from t:he first information face to the second information 
face by* driving the moving means; and a focus condition 
^i^-tecting sign?*! storage means for storing focus condition 
a.etectihg signals whioli. are obtained when the f ooal point of 
the light beam is passed through the first and second 
information faces by driving the moving means so that the 
light beam goes away from or close to the recording medium- 
In this apparatus, when a focus Jumping is performed by the 
focus Jumping means, a gain of the focus control means is 
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cnsLngea aooo3rdl±ng "to the values stoired in -the focus 
con<i±tion <aet:eG-t:lng signal storage me<ans. TKexefoire, even 
when -the amount of reflected light from each information 
face of a <3lual-layer <iisk or a multiple-layer disk varies 
and -cheretiY an, S amplitude of an FE (focus error) sigr^al 
varies^ or even when the S amplitude of th^ FE signal or th& 
like varies between different disks, apparatuses, or heads, 
the focus Jumping can he performed stably against these 
variations . 

According to a twenty- fourth aspect of the present 
invention, in the above-mentioned apparatus, when the focus 
Jumping is performed by the focus Jumping means, a focus 
control lead-in level is set according to the values stored 
in the focus condition detecting signal storage means . 
Therefore, when the lead-in level at the focus Jumping is 
calculated and set individually, more stable focus leadr-in 
is realized. 

According to a twenty-fifth aspect of the present 
invention, in the above-mentioned apparatus, a focus control 
lead-in 'level ITor -thie focus Jximping is sa-fc: according to an 
output signal from the focus control means a gain of which 
is changed according to the values stored in the focus 
condition detecting signal storage means* Therefore, the 
focus Jumping can be performed stably against variations in 
the amount of reflected light from information faces of a 
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aua^l-Xay^ar dlisk: ott a mtiX-tip la- layer <a±s3<, 03r vax-±ai:10Tis in 
tne aTnpli-tu<3le of xlie S signal b^-tween d±f£er-er\-t d.islcs, 
appaira'tusos, oxr tteads - 

According to a t:v7ark-ty-sixt;U aspect of the present 
invention^ an optical disK apparatus comprises a focusing 
means for focusing a light heam on a recording medium having 
first and second information faces; a moving means for 
moving a focal point of the light heam focused by the 
focusing means in a direction substantially perpendicular to 
the information faces of the recording medium; a light 
detecting means for detecting a reflected light of tbe 
focused light beam from the recording medium; a reflected 
light aanount dettecting means for detecting a signal 
corresponding to the reflected light amount obtained by. the 
light detecting means; a focus condition detecting means for 
detecting a focus condition of the light beam irradiating 
the information faces, according to an output signal from 
the ligKt detecting means; division means for dividing a 
signal from the focus condition detecting means by a signal 
from thd reflected lignt amount detecting means; and a focus 
jumping means for moving the focal point of the light beam 
from the first information face to the second information 
face by driving the moving means on the basis of a signal 
from the division means • Therefore, even though the 
reflectivity of the recording medium (disk) significantly 
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varies be-tw&en -fcHe fi^rs-t and. second ±nfonnat:±on faces or* 
jbetrweeni -ctie inner- ci-oroiimf ex-enco, -tKo oen-fcox-, and -fcK© ou^t^x- 
circumference of -ttie disk, a lead-in level of a targe-t 
inf orma-tion face can be accurately detec-ted. 

According, -to a -twenty- s even thi aspect; of tlie present 
invention, an optical disk apparatus comprises a focusing 
means for focusing a liglit beam on a recording medium; a 
moving means for moving a focal point of -tlie light beam 
focused by tbe focusing means, in a direction substantially 
perpendicular to a inf orniat:ion face of tbe recording medium; 
a light detec-ting means baving at least two ligbt responsive 
parts, for detecting a reflected ligbt from tbe recording 
medium; a focus condition detecting means for detecting a 
focus condition of the ligbt beam iirradiating tbe 
information face, on tbe basis of a difference of signals 
output from tbe two ligbt responsive regions of tbe ligbt 
detecting means; a focus control means for driving tbe 
moving means on tbe basis of an output signal from tbe focus 
condition detecting means, and controlling tbe ligbt beam so 
tbat tbe focus condition of tbe light beam becomes a 
prescribed focus condition; and a seeking means for moving 
tbe ligbt beam in a direction perpendicular to tracks on the 
recording medium and seeking a desired track. In this 
apparatus, when a desired track is sought by tbe seeking 
means, the focus condition detecting means detects peak 
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leveXs signaXs oti-fcput firom the "bwo l±gii.-t iresponsive 

regions of "tlie liglit: de-tecting means, a-ndl <ie-fc:ec-ts a £oo\:i3 
condi-txori of -th^ ligKt: beam Irradia-ting -fclie ±nf orma-fclon. face 
firom a. difference of ttie de-bect:e<i peaK: level signals - 
Ttier-ef or-e , unwan-ted defocus caused by -tr-acJc ciross ±s 
reduced, wtiex-eby unwanted count exror or- focus skipping 
during tK© seeVcing air^ avoided. As a zresult, a stable 
seeking poirf oarmance is secured. 

According to a twenty- eiglitb aspect of tlie present 
invention, an optical disk apparatus for reproducing 
information recorded on a recording medium having two 
information faces, by irradiating tbe recording medium with 
a focused light beam, comprises a moving means for moving a 
focal point of the light beam irradiating the recording 
medium so that the focal point crosses a track on the 
recording medium; a tracking control means for detect it^g a 
positional error between the focal point of the light beam 
and the 'track on the recording medium, drives the moving 
means according to the track error signal , and controls the 
light beam so that the focal point is positioned on the 
track; a focus Jumping means for Jumping the focal point of 
the light beam to a target information face, which is one of 
the first information face and the second information face, 
and seeking the target information face; a decentration 
signal storage means for storing decentration signals 



f 

1 > 



- 3:2 - 

oo2r2r^spond,ing 'to dleceri'tirations of -tracks on i:iie f ±r-si: 
±n£o2nna*fc±on facet and -ttie secondl Inf orma-tion £ace when -tHe 
jumping and. seelcing are performed by tl^e focus jumping 
means; an adding inetans foi: adding -tlie decen'tX'a'tion signals 
stored in t:he decentration signal storage meajms to an output 
signal from the tracking control m&ans; and a system control 
m©sa-is for controlling the system so that a decentration 
signal which is read out of the decentration signal storage 
means and corresponds to the target information face is 
added to the tracking control means, when the jTomping and 
seeking are performed by the focus J umping means . 
Therefore, the decentration f ollowability is improved, and a 
tracking control system having a good response to the 
decentration can he constructed. 

According to a twenty-ninth aspect of the present 
invention, an optical disk apparatus for reproducing 
informarion recorded on a recording medii-un having two 
inf orma-tfion faces, by irradiating the recording medium with 
a focused light heam^ comprises a moving means for moving a 
focal pdint of the light beam irradiating the recording 
medixim so that the focal point crosses a track on the 
recording medium; a tracking control means for detecting a 
positional error between the focal point of the light beam 
and the track on the recording medium, drives the moving 
means according to the track error signal, and controls the 
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XxglnL-t baam so -ttiat -tlie focal point: Is positionedl on -the 
-txaclc; a. foous J\inip±ng means for j\;iinp±rig -the focal podLn-t: of 
-fchie ligli-t beam "to a -fcairget; inf orma-tion face, wl\±cli is one of 
•tbe first inf orTnat-.ion face and trine second inf orma-fcion face, 
and seeking t:li,e tax-ge-t: inf oirma-tion face; a tr-acking gain 
s-toirage means foi: storing desired loop gains of tlie tracking 
control means fozr the first information face and the second 
information face, when the Jumping and seeking are performed 
by the focus Jumping means; a muixipiica-cioii xut^ciiics r\^±. 
multiplying the track gain signals stored in the tracking 
gain storage means by an output signal from the tracking 
control means; and a system control means for controlling 
the system so that a tracking gain signal which is read out 
of "Che tracking gain storage means and corresponds to the 
target information face is multiplied by the output signal 
from the tracking control means, when the Jumping and 
seeking are performed by the focus jumping means, 
Therefo^^e, for either information face, a stable tracking 
control system can be constructed . 

According to a thirtietb aspect of the present 
invention, an optical disk apparatus for reproducing 
information recorded on a recording medium having two 
information faces, by irradiating the recording mediiam with 
a focused light beam, comprises a moving means for moving a 
focal point of the light beam irradiating the recording 
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medLi-am SO -ttLaLt: "ttie focal poin-t crosses a -track: on -the 
DC^cordiiig metcaiuim ; a ^±51:1^: aet:ec-t±ng means fox- cle-tec-ting a. 
refXec-ted liglit: from tlie recording med±um; a focus con-fcrol 
means for delrec-fcing a focus condition of "the light tieam 
irradiating the inf or-ma-tion faces on the basis of an output 
signal from the light detecting means ^ driving the moving 
means on the hasis of the detection signal^ and controlling 
the light heam so rhar the focus condi-tion of the ligh-t heam 
becomes a prescribed focus condition; a focus Jumping . means 
for jumping the focal point o£ the light beam to a target 
information face, which is one of the first inf ormatiori face 
and the second information face, and seelcing the target 
information face; a focxis gain storage means for storing 
desired loop gains of the focus control means for the first 
information face and the second information face, when the 
Jumping and seetcing are performed by the focus Jumping ^ 
means; a multiplication means for multiplying the focus gain 
signals 'stored in the focus gain storage means by an output 
signal from the focus control means; and a system control 
means fdr contic-olling the system so that a focus gain signal 
which is read out of the focus gain storage means and 
cparx-Qsponds to the target information face is multiplied by 
the output signal from the focus control means, when the 
Jumping and seeking are performed by the focus jumping 
means. Therefore, for either information face, a stable 
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-tiraolcArkg con-tarol sysizem can consiriructed , 

Accor-aing to a tlixx-ty-f iirst: aspect: of -tlie paraseni= 
iiwention, an opt:±c:al disl^: appara-tus fox reproducing 
irnf ox-mat; X on are-ooirdLecl on a 3r^cord±ng mediixm htaving -two 
±nf ormation faces, t>y irr-adiating i-ecord±ng meciium wi-1::K 

a focused llgii-t l:>eam, comprises a moving means for moving a 
£ocal point; of t:hie iigUt: toeam irradialiing t:he recording 
medium so -that: t:lie rfocal point; crosses a tirack: on t:l\e 
recording medium; a iight detecting means for detecting a 
reflected liglit from the recording medium; a focus control 
means for detecting a focus condition of tUe liglnt i>eam 
irradiating tb.e information faces on tKe basis of an output 
signal from tlie light detecting means ^ driving the moving 
means on the basis of the detection signal, and controlling 
the light beam so that the focus condition of the light beam 
becomes a prescribed focus condition; a focus jumping m^ans 
for Jumping the focal point of the light beam to a t;arget 
information face, which is one of the first information face 
and the second information face, and seelcing the target 
information face; a focus position storage means for storing 
desired target positions of the focus control means on the 
first information face and the second information face when 
the Jumping and seeking are performed by the focus Jiamplng 
means ; and a system control means for controlling the system 
so that the target position of the focus control means is 
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ctianged to a focus pos±1:ion signal that: ±s read out of the 
focus position stor-age means and corx-esponds to the taarget 
infoirmation face, when the Jumping and seeking are per-forined 
fc>y the focus jumping m.eans • TKearefoire, fox* eithex 
information fa,ce, a stabie tr-acking control system can be 
constructed . 

According to a thirty- second aspect of tb.e present 
invention, an optical disJc apparatus for reproducing 
information recorded on a recording medium having two 
informa-tion faces, by izrradiating the recording medium with 
a focused ligbt beam, comprises a moving means for moving a 
focal point of the light beam irradiating tbe recording 
medium so that tb© focal point crosses a traclc on tbe 
recording medium; a tracJcing control means for detecting a 
positional error between the focal point of the light beam 
and the traclc on the recording medium, drives the moving 
means according to the track error signal^ and controls the 
light beam so that the focal point is positioned on the 
track; a focus jumping means for jumping tbe focal point of 
tbe light beam to a target information face, whicb is ono of 
the first information face and the second information face, 
and seeking tbe target information face; a tracking position 
storage means for storing desired target positions of tbe 
tracking control means on the first information face and the 
second information face, wben the jumping and seeking are 
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perfor-med by t:}ie focus jumping means; and a sys"tem cont:xol 
means for* controlling t:lie system so ttiat tlie target position 
Of the tracking control means is changed to a tracking 
position signal wKicH is aread out of the tracking position 
storage means ,and corresponds to the target information 
face, when the jumping and seeking are performed by the 
focus Jumping tnaans . Therefore, for either information 
face, a stable tracking control system can t»e constructed. 

According to a thirty-third aspect of the present 
invention, an optical disk apparatus comprises a focusing 
means for focusing a light beam on a recording medium having 
first and second information faces; a moving means for 
moving a focal point of the light beam focused by the 
focusing means in a direction substantially perpendicular to 
a track on the recording medium; a light detecting means for 
detecting a reflected light from the recording medium at a 
plurality of light responsive parts; a phase difference 
track error detecting means for generating a phase 
difference track error signal corresponding to the 
positriohal relationship between the focal point of the light 
beam and the track on each information face, on the basis of 
the phase relationship of signals output from the respective 
light responsive parts of the light detecting mean^; a 
tracking control means for driving the moving means 
according to an output signal from the phase difference 
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•fcx-ack eraror- ct^-trooting moans, and contaroXXing "the Xight; beam 
on -ttie ±nforma-t±on face so tnat tlie focaX point; of t:lie XdLgli-t: 
beam seeks tbe tx-acK coxreotly; a focus Jumping means for 
Jumping -blio £ocaX point: of tlie Xigbt beam to a "fcaarget: 
inf oarmation face, wbicb is one of t:be fiarst: inf oarma-fcion face 
and "tbe second inf ontia-bion face, and seelcing -tbe tairget: 
irxf oarma-tion face; a p3nase offset storage means for stox-ing 
deXays or- Xeads of signaXs output from tbe x-espeotive Xiglit 
responsive parts of tbe Xigbt detecting means ^ tbe deXays or 
Xeads providing desired values for output signaXs from tbe 
pbase difference traclc error detecting means on tbe first 
infoirmation face and tbe second information face, wben tbe 
jumping and seel<ing are performed toy tbe focus Jumping 
means; and a system control means for controlling tbe system 
so tbat tbe delays or leads of tbe signals from tbe 
x-espective Xigbt responsive parts of tbe ligbt detecting 
means are cbanged to a pbase offset signaX tbat is read out 
from tbe pbase offset storage means and corresponds to tbe 
target information face wben tbe Jumping and seeking are 
performed by tbe focus jumping means. Tberefore, tbe offset 
of tbe tracking controX means can be aXways eXiminated, 
wbereby a stabXe tracking controX system can be constructed. 

Figure 1 is a bXock diagram iXXustrating an opticaX 
disk apparatus according to tbe present invention- 
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Figure 2 is a block diagram illus-tra-ting a pari: of -the 
apparatus sliown in figure 1, relating to focus control and 

focus lead-in. 

FiguLX-os 3(&) and 3(b) sHow a CD and a DV3D liaving 
different base, material tl\io}^nesses ^ and waveforms of 
UP/DOWN signals and FE signals • 

Figiir&s 4(a) and 4(b) sKow waveforms of FE signals, 
UP/DOWN signals, and AS signals of a CD and a r>VD Having 
different base material tbicknesses, respectively. 

Figure 5 is a flow chart for explaining a focus lead-in 
process according to tbe present invention- 

Figures 6(a) and 6(b) are cross-sectional views 
illustrating a dual-layer disk and a multiple-layer disk, 
respectively, employed in tbe present invention* 

Figure 7 sbows waveforms of a lens driving signal and 
an FE signal, and tbe position of tbe focusing lens, fox- 
explaining a focus lead-in operation according to tbe 
present 'invention. 

Figure 8 ^bows waveforms of an FE signal, a lens 
driving signal, and an RF signal, for explaining a focus 
lead-in operation according to a second embodiment of tbe 
present invention . 

Figure 9 is a f lowcbart for explaining tbo focus lead- 
in process according to tbe present invention. 

Figure 10 is a block diagram illustrating a tracking 
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searvo sys-tem and a decen-tration coxrec-tloxi paxt: according "to 

Figure 11 shows waveforms of an FE signal, a lens 
driving signal, and a TE signal when a focus jumping is 
performed, according t:o a firsi; emt>odimen-b of "the present: 
inveniiion . 

Figux-e 12 ±s a flow chari: foir e^cplaining -the focus 
Jumping process according -to -che first embodiment: of -tt\e 
O invention. 

"'{f F'±gure 13 is a. fc>loclc <a.iagiraTn illustrating a focus 

iif control peak hold section and a control section thereof 
^£ according to an eighth embodiment of the present invention, 
O Figure 14 is a schematic diagram for explaining a 

seeking for a dual-layer disk according to the eightn 
fll embodiment of the present invention, 

% Figure 15 illustrates wavefoinms of F+ and F- during 

seeking, F+PH and F-PH produced by peak hold of F-i- and F- , 
FE as a 'difference of F+ and F-, and FEENV as a difference 
of F+PH and F-PH, according to the eighth embodiment of the 
invention * 

Figure 16 is a block diagram illustrating an FE 
detection circuit using the astigmatic method, according to 
the eighth embodiment of the invention. 

Figure 17 is a flow chart for explaining a procedure 
when a dual-layer disk is loaded in and the apparatus is 
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driven accoircli.ng to -tlrx^ par^sen-fc inver^'ti-on . 

Figure 18 is a diagram for explaining a focus j umping 
according -to "the f ix-st; emt>odiinen*t: of •tfie preseni; inven-tion. 

Fig\ire 19 is a tolocJc diagram illustira-bing a focus 
servo circuit: according -to -the prior art. 

Figures 20(a) and 20(b) show waveforms for explaining a 
focus lead— in operation according to the prior art - 

Figure 21 shows a waveform for explaining the focus 
lead— in operation according to the prior art . 

Figure 22 is a flow chart for explaining the focus 
lead— in operation according to the prior art. 

Figures 23(a)-23(i) are schematic diagrams illustrating 
light detecting spots when the FE signal is positioned at 
points A I in figure 18, 

Figure 24 is a hlock diagram for explaining a tracking 
control offset learning for a disJc having two or more 
information faces according to a fourteenth embodiment of 
the present invention - 

Figures 25(a) and 25(b) show waveforms of TE signals, 
FG signals of the disk motor, and decentration correction 
signals produced in the DSP, when decentration learning of 
the disk is performed, according to a ninth embodiment of 
the invent i on , 

Figure 26 is a block diagram for explaining a tracking 
control gain learning for a disk having two or more 
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±n fox-mat: ion fac^e, accox-^ing "to a -ten-tli embodimen't; of -ttie 
present: invention . 

Figuare 27 is a block diagram for explaining a focus 
cont:rol gain learning for* a disk, liaving two or more 
information fapes^ according to an eleventli emluodiment of 
the present invention. 

Figure 28 is a t>locl< diagram for explaining a focus 
control offset: learning for a disk having two or more 
information faces, according to a twelfth embodiment of the 
p r e s en t invent i on - 

Figure 29 is a block diagram for explaining a tracking 
control offset learning for a disk having two or more 
inf orma-tion faces, according t:o a thirteenth embodiment of 
the present invention - 

TlKTATT.Kn nT^SCRTPTTQl^ QF* TKE PRKSEMT T WENT TQM 

1 . StxTJcture of Optical Recording and Reproducing Appai>atus 
Figure 1 shows an optical disk apparatus in accordance 
with a first embodiment of the present invention. 

As shown in figvixre X, an optical system for iariradiatiing 
a disk lOl (recording medium) with light beams 107a and 107b 
is composed of a light source 108, such as a semiconductor 
laser, a coupling lens 109, a polarization beam splitter 
llO, a hologram element 106, a focusing lens 105, and a disk 
motor 102 for rotating the disk lOl at a prescribed r.p.m. 
A light beam emitted from the light source lOS is collimated 



-I 



- 43 - 



by -tztiG, co\ipX±ng lens 109 an<a x*of Xec-ted. Jby -fcKe polariza-tion 
beam spl±-t1:er* 3 -to t:be bologr*am olement 106. The llglx-t beam 
is spli't'ted ±nt:o -two beams by the beam spl±t:1;er 3 and "the 
bolosj3ram element: 106- Tbeareaf -tear, tbe "two beams aare focused, 
by "the focusing lens 105, forming -two focuses 107a and 107b 
in "the direction pearpendicular- -to the sux-face of -fclie dis}c« 

The -two light; beams 107a and 107b ir-aradia-he the disk 
101 that: is zrotrated by the disk motor 102 • These two light 
beams are used according to the base material thickness of 
the disk lOl • For e^cample, when the dislc lOl is a CD having 
a thickness of 1.2 mm, the light beam 107b is focused on the 
information face. On the other hand, when the disk 101 is a 
high—density distc, such, as a DVD having a thickness of 0.6 
mm, the light beam 107a is focused on the information face. 

Further, the optical disk apparatus according to the 
present Invention is applicable to a disk having a pluiJality 
of information faces, for example, a dual— layer disk In 
which two films, one of which is a semi-transparent film, 
are bonded with a 20 - 60 >;mi adhesive film like a sandwich 
as showxi in figure 6(a>, or an N— layer disk in which several 
microns thick recording and reproducing films are laminated 
as shown in figure 6(b) (in the figure, N = 4). 

This optical disk apparatus further includes a 
condenser lens 111 and a four- element photodetector 113, 
both for receiving a reflected light from the disk 101 . The 



X 



- 44 - 



arefleo-fced light: £r-om -tlie disk lOX passes -tturoughL tKe 
focusing lens 105, -tlie tiologram element: ±06, ttie 
polar-izatiion hjeam fipli1:t:er 110, an<5 "the condenser- lens 111, 
and is input: -to tlie four- element; pUot:odet:ect:oir 113, TKa 
light: beam is conver*t:ed iniio electric signals in Irne four- 
element: phot:odet:ect:o2r 113 , and t:he electric signals are 
input: -to a focus con-tx-ol syst;em FC and a t^r^acking cont:rol 
syst:em TC . 

The tiracking contirol syst:em TC comprises t:he four*- 
olement: pliot:odet;ect;ox' 113, pareamplif iers 114a^ 114t), 115a, 
and 115b, adders 116 and 117, comparators 118 and 119, a 
phase comparator 134, a differential amplifier 120, a gain 
change circuit 122^ a DSP 129, an A/D converter 124, a 

r 

driving circuit 130, and a tracking actuator 103. The light 
beam input to the four-element photodetector 113 is 
converted to electric signals (current) by light responsive 
parts B, C and D, of the photodetector 113, and the 

elect^ric* signals are converted to voltage signals and 
amplified by the pareamplif iers 114a, 115b, 114a, and 115a, 
respectikrely . The amplified signals are input to The adders 
116 and 117, wherein the signals corresponding to the light 
responsive parts A and C of the photodetector 113 are added 
up by the adder 116 and the signals corresponding to the 
light responsive parts B and D are added up by the adder 
117- Thereafter, output signals from the addex-s 116 and 117 
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a.are digi-fcized. l^y -bKci compa.ara.'tox' 1X9 a3n<3. 118, arospecfcively , 
and phases of tiliese signals are compared by "the ptiase 
compara-bor 134. Then, high frequency components of these 
signals are cut: off. Output: signals from the phase 
comparator 134 are input to the differential amplif iei: 120 ^ 
It is well known that an output from the differential 
amplifier 120 shows a result of comparison of phases of the 
light beam that includes data on the disk lOl and irradiates 
the photodetector 113, that is, it shows an error of the 
focal point of the light beam from the track on the disk 
lOl . So, the output from the differential amplifier 120 
becomes a track errox- signal ( TE signal) according to the 
phase difference method, for controlling the light beam so 

« 

that it scans the track correctly . 

The method for detecting the TE signal is not 
restricted to the above— mentioned phase difference method. 
Other methods , such as a push-pull method and a three beam 
method, may be employed. 

The TE signal is adjusted to a prescribed amplitude 
(gain) by the gain change circuit 122. Thereafter, it is 
converted to a digital signal by the A/D converter 124 and 
input to the DSP 129 - 

On the other hand, the focus servo system comprises the 
four-element photodetector 113, the preamplifiers 114a, 
114b, 115a, and 115b, the adders 116 and 117, a differential 



- 46 - 



aLinpli_£±e3C 133, a gain change cir*cii±i; 121, an A/D oonver-fcex* 
123, th© DSP 129, a driving circuit: 131, and a focus 
actua-bor 104, 

TKe ou1;pu"t signals from •tha ligla-t r*esponsiva parts A, 
B, C, and. D o£r trine four-element pKotodetector 113 are 
converted to voltage signals and amplified by the 
preamplifiers 114a, 115b, 114b, and 115a, respectively, 
Tben, the amplified signals are input to the adders 116 and 
117, wherein the signals corresponding to the light 
responsive parts A and C of the photodetector 113 are added 
up by the adder 116 and the signals corresponding to the 
light responsive parts B and D are added up by the adder 
117, Thereafter, output signals from the adders 116 andl 117 
are input to the differential amplifier 133. 

Xt is known that an output signal from the differential 
amplifier 133 sKows a focus error of the light beam on the 
information face of the dislc lOl, That is, the output 

4 

signal from the differential amplifier 133 is a focus error 
signal (FE signal) according to the astigmatic method, for 
controlling the light beam so that the light beam is focused 
on a prescribed position of the information face of the disk 
lOl, The method for detecting the FE signal is not 
restricted to the astigmatic method* Other methods, siich as 
a knife edge method and an SSD (Spot Sized Detection) 
method, may be employed ♦ 
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-tne FE signal -to a prescr-xbed amplx-tude (gain) in response 

-to -thie amoun-fc of ligK-t beam cjoriresporxdirig -to tbe 
ref leotivi-ty or* -fcbe like of trbe disk lOl. Tbereaf tex-, the 
FE signal is Gonver-ted to a digital signal fay tlie A/D 
conver-ter 123 and input to tHe DSP 129 . 

Figur-e 2 is a block diagi-am illustarating thie focus 
servo system and the focus lead-in system within the DSP 
129 . 

The DSP 129 constitutes a digital contr-ol system and 
comprises a switch 201, a phase compensating filter 202, a 
gain changeable module 203, a switch 204, an S signal 
detecting part 205, a level Judge part 206, a waveform 
generating part 207, and a hold part 208 • 

The FE signal output from the A/D converter 123 is sent 
through the switch 201^ which opens and closes a loop of the 
focus servo system, to the phase compensating filter 202 
comprising an adder, a multiplier, and a delay element- The 
phase delay of the FE signal in the focus servo system is 
compensated by the phase compensating filter 202, 
Thereafter, the FE signal is sent through the gain switch 
circuit 203, which sets a loop gain of the focus servo 
system, to the switch 204. The switch 204 opens and closes 
the loop of the servo system . Further, when the focus lead- 
in performed, the switch 204 sends an UP/DOWN signal for 
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detrecti-ng -tho ±n£o2rma.t:l.on £ac^ o£ tKe disk lOl by movxnQ -bKe 
focusing lens 105, tlir-ougli tlie D/A conve3ri:e2r 209 t:o -tlie 
driving circuit: 131 for driving t:iie focus ac"tua-tor 104 , Tlie 
FE signal thiat: passes t:h.rougti 1:h.e switcti 204 is converted -to 
an analog signal by -fctxe D/A conver-ter 209 and input to the 
driving circuit 131 • In tKe driving circuit 131, the FE 
signal is subjected to appropriate current amplification and 
level change, whereby the focus actuator 104 is driven. In 
"this way, "the focus actrua-tor 104 is driven so thai: the light 
beam is always focused on & px-^scx-ibed position o£ tbe disJc 
lOl. 

At the focus lead— in ( when the focus servo control is 
led in), the wavefoarm generator 207 outputs a chopping wave 
shaped UP/DOWN signal, turns on the B-C line of the switch 
204, drives the focus actuator 104 through the D/A converter 
209 and. the driving- circuit 131 , and moves the focusing lens 
105 toward the disk 101 and then downward away from the disk 
101* 

More specifically, after the A/D conversion, the FE 
signal branches in the DSP 129 and realizes a focus lead-in 
leaning operation - In this operation, the disk lOl is 
rotated, the semiconductor laser 108 emits light, and the 
waveform generator 207 outputs the up/down signal rhar moves 
the focusing lens 105 toward the disk 101 (UP) and then away 
from the disk lOl (DOWN). At this time, in the S signal 



de^tiectroir 205^ a.n ampXi-tucie of an S signaX, which, appears ±n. 
t:h© FE s±gn.aX dux'ing "ttio up and. down movemen-t of -the 
focusing Xens 105, is measu:red. When, the measuired ampXitiiide 
is smaXX^r t:han a prescribed anipii1:ude, tihe sra^in swi-tch 
circuit X22 is, con"troiied "to reduce "the gain- When -the 
measured ainpXiiiude is iarger -than t:he prescribed atnpXi-tude, 
■the gain switch circuit is controXXed to increase the gain. 
Therefore, it is possibXe to make the ampXitude of the S 
signaX constant by the output after the A/D converter X2'4. 
The FE signaX incXuding the S signaX of the constant 
ampXitude is input to the XeveX Judge part 206* In the 
XeveX Judge part 206, the FE signaX is compared with a 
prescribed ampXitude XeveX (Xead-in XeveX). After the 
detection of the Xead-in XeveX, switch 20i is turned on and 
the A-C Xine of the switch 204 is turned on to cXose the 
focus servo Xoop, whex*ehy the focus Xead-in operation is 
achieved * 

2 . Focus' Lead-in Method 

A description is given of a focus Xead-in method using 
the opticaX disK apparatus according to the present 
invention* For simpXif ication, a CD is empXoyed as a disk: 
having a base materiaX thicKness of X*2 mm, and a DVD— ROM 
(Read OnXy Memory DigitaX Video Disk) is empXoyed as a disk 
having a base materiaX thickness of 0.6 mm. 

As described above, in the opticaX disk apparatus 
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compat:ilD±l±t:y iD^-cweerx a ^isJc naving a iDase mateariaX 
-tlixckness of 1,2 mm, such as a CD, ana a disk: Having a t)a$e 
ma-fc^rial -fchLXCikness of 0-6 mm, such, as a DVD, t:h.e lig}:!^ beajn 
emit;1:e<3 f^r-om -t;l-ie liglil; soux-oe 108 is divided in-to two t^eams 
using -the hologram element: 106, and the -two beams ax-e 
focused on -thes disk. Therefoare, when -the focusing lens 105, 
i.e., the two light beams, approaches the disk lOl and goes 
away firom the disk lOl, S signals are detected in the FE 
signal at every passage of the two light beams through the 
information face of the disk. That is, S signals due to the 
light beam for the 1.2 mm thick CD and S signals due to the 
light beam for the 0.6 mm thick DVD appear as shown in 
figures 3(a) and 3(b), respectively * 

By the way, the focal point of the light beam for the 
CD ( ber einaf tear x-efexred to as CD beam) is positioned above 

the focal point of the light beam for the DVD (hereinafter 
referred to as DVD beam). So, as shown in figure 3(a), an 
initial S signal that appears when the focusing lens 105 
moves up' toward the disk lOl from its lowezrmost position 
Shows that the CD beam is focused on the information face . 
As shown in figure 3(b), an initial S signal that appears 
when the focusing lens 105 moves downward from the position 
nearest to the disk lOl shows that the DVD beam is focused 
on the information face. 
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focusxng lens 105 ±s moved down away from tne cLl.slc witn a 
meclian±cal ±nt:e3rinea±a-te po±n-t as a refex-once. When -tlie CD 
beam spo-t ±s suf f icien-fcly dis-fcant firom "tlie <ii.sk^ -fchie 
f ocius±ng lens ,105 ±s moved, up toward rhe disJc, and an S 
signal -fchat: appears for ttie first: time is detected , whereby 
the CD beam can be focused on the information face of the 
CD. On rhe orher hand, when the DVD is loaded in the 

O apparatus^ the focusing lens 105 is moved up toward the 

^? disk:- When the focusing lens 105 is sufficiently close to 
the disk:, i,e-, when the DVX) beam spot goes through the 

^'i dislc, the focusing lens 105 is gradually moved away from the 
disk, and an S signal that appears for the first time is 

^ detected,, whereby the DVD beam can be focused on the 

rU information face of the DVD . 

^5 Since both the CD and the DVD have a diameter of 120 

mm, it is difficult to identify whether the disk loaded in 
the apparatus is a CD and a DVD. Therefore, as shown in 
figures 4(a) and 4(b), the focusing lens 105 is once moved 
down from the initial position O "bo -the point A and then 
moved up toward the disk, and an initial S signal amplitude 
Pq that appears in the FE signal at the point B or an 
initial signal amplitude that appears in an AS signal (total 
light amount signal^ i.e., total of signals output from the 
adders 116 and 117) is detected, whereby the dislc loaded in 
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•ths appaira-fcus ±s xtientif ied. - Wh.en "tiie d.±slc ±s a. DVD, after* 

fOGus±ng l^ns 105 reaches tlia po±n-t D n^aoresti to 
dLisk, -th-e focusing lens 105 xs gradually moved away from the 
aisJc^ ana. tlTiO irxf ojrmatxon face of the DVD is d&tsctad h>y 
tnat an S signal Qo tl\ar appears for tne first time reaches 
a prescrxl^ed level LVIjI (point E in figure 4(a))- At this 
point E, the focus lead-in is performed. When the disK is a 
CD, after the focusing lens 105 reaches the point D nearest 
-to -the disk, the focusing lens 105 is moved through the 
point E to the point F farthest from the disk and then moved 
upward from the point F, and the information face of the CD 
is detected hy that an S signal Rq that appears for the 
first time reaches a prescrihed level LVLS (point G in 
figure 4(fc>)). At tliis point G, ttie focus lead-in is 
performed . 

In this way, a high-speed and stable focus lead-in.^ is 
realized for hoth the DVD having a base material thickness 
of 0,6 mm and the CD having a base mat:eirial thickness of 1.2 
mm • 

Tbe' px-oceduro of the focus lead— in operation will be 
described more specifically using figures 4(a), 4(b), and 5 . 

Figure 5 is a flow chart of the focus lead-in process. 

When the disk apparatus is turned on, the motor 102 
rotates. When a prescribed rotating speed is reached, the 
semiconductor laser 108 emits light. 
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Th&ar^af -toiT, -tK^ wavfefoarm genex'a'tor' 207 genera. Hes a 
chLoppirvg wave signaX -ctiat: drives trlie lens 105 up and down 
( UP/DOWN signal ) , and "the UP/DOWN signal is sen-t t:tir-o\agh trlie 
switchi and "tKe D/A conver-tex* 209 -fco -ttie dariving ciirciiiit: 

131, Receiving tilie UP/DOWN signal, tlie driving circuit: 131 
drives -fclie focus acfcua-fcor 104 so that: t:lie focusing lens 105 
moves downward t:o thie point A f art:}:iest: from the disK slTiown 
in figures 4(a) and 4{t>) (step SI). 

When the focusing lens 105 reaches the point A, the 
focusing lens 105 is then moved up toward the disk lOl ( step 
S2), and an FE signal is sampled (step S3). As shown in 
figure 4(h), when the focusing lens 105 gradually moves 
upward, the focal point of the CD heam 107b, which is more 
distant from the lens than the focal point of the DVD beam 
107a, reaches the information face of the disk: at the point 
B, Since the S signal due to the CD beam appears in the 
vicinity of the point B, the amplitude of this S signal Pq 
is measured { step S4 ) . 

The amplitude of the S signal P^ is measured in the 
following process. That is, the FE signal is continuously 
sampled, a maximum value or a minimum value is obtained by 
comparing the sampled values of the FE signal, and an 
amplitude of the S signal Pq is obtained from the maximum 
value or the minimum value. 

When the measurement of the amplitude of the S signal 
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Pq ±s no-fc compXe-fced, "trl^o foousing Xens X05 is mov^d trowaard 
tile disk XOX ( N in step S5 ) . 

Wlie^n -th^ m^asuarement; of -the ampXitrude of "the S 3i0i\a.i 
±s compX©*t&d (Y irx st:op S5 ) , -ttie focxising Xens X05 ±3 

moved -toward tUs point D nearest to tl^e disk (step S6)- 
MeanwtLiXe, sinoe ttve focaX point of the DVD i>eam X07a beXow 
tKe focaX point of thxe CD Ijeam i07b aXso crosses the 
information face, the S signaX Pj^ appears in the FK signaX 
as shown in figure 4(a)/ and an ampXitude of this S signaX 
Pj3 is measured (steps S7 and S8 ) - When the focusing Xens 
X05 reaches the point D (step S9 and SXO), the ampXitude of 
the S SignaX P^-. due to the CD heam is compared with the 
ampXitude of the S signaX Pj-j due to the DVD beam^ wherehv it: 
is identified whether the disk Xoaded in the apparatus is a 
CD or a DVD (step SIX)* 

WhiXe the focusing Xens i05 mo\7es downwaird from the 
point D nearest to the disk XOX , the f ocaX point of the DVD 
heam XOT'a is the fiirst to cross the information face, and an 
S signaX coirr-esponding to the DVD beam i07a appears in the 
FE signatX. Next^ the focaX point of the CD beam X07b 
crosses the information face, and an S signaX coriresponding 
to the CD beam i07b appears in the FE signaX. 

Therefore^ when the disk Xoaded in the apparatus is 
identified as a DVD, as shown in figure 4(a), it is detected 
that the S signaX Qq, which appears for the first time when 
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■thie focusing XerLS mov3s away from tlie poirk-t D, reaches tlie 
Xead— in. leivel LVLX , anc3. t:^le focus cont:3roX is pearf orrned 
(s-teps SX9, S20, S2X, and S23 ) . 

On trhie o1:tie2r hand, when "the disk loaded in -the 
appara'tus is ident:ified as a CD, as shown in figure 4(1d), 
t:he focusing Xens X05 is moved from -the point: D -to -the point; 
F, and S signaXs -that: appear during this movement: of t:hci 
lens are ignored ( streps SI 2 and S13 ) • Then, t:he focusing 
^.^i iens X05 is again moved upward from -the point: F, and it: is 
'7; detected that the S signaX R^, which appears for the firsst 
jjf time during the upward movement of the lens, reaches "Che 
O Xead-in leveX LVL2, whereby the focus controX is performed 
£3 (steps S14, S15, S16, S17, and SX8). 

I^JL. In this way, the focus lead-in is reaXized for the^ DVD 

^fs and the CD. 

^2 3. Focus Lead-in Method for DoubXe-Layer Disk and MuXtipXe- 

%U Xayer Disk 

Figure 6(a) is a cross-sectionaX view iXXustrating a 
duaX-Xayer disk in which 0-6 mm thick base matexiaX Xayers 
are bonded to each other, and figure 6(b) is a cross— 
sectionaX view iXXustrating a muXtipXe-Xayer disk in which a 
pXuraXity of thin signal fiXms are Xaminated. Hereinafter, 
a focus Xead— in method for the duaX— Xayer dislt shown in 
figure 6(a) wiXX be described. 

Figure V shows waveforms of an FE signaX and a focus 
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actua-tor dxiving- ©i0rtal, and □rela'txvo posi'tdLons o£ "fchie 
focusing Xens and irhie dual -layer disJc^ wlrien t:tie focusing 
lens appz-oaclies -tliet dual-layer disk. As shovm in figure 7, 
-two con-tinuous S signals ( doufale S signals), for example^ PI 
and P2, appear; on -tlie FE signal that: is o]3l;ained from tlie 
dif f eren-tial amplifier 133 and -througK triie gain cliangeable 
modue X21 and -tl^e AD conv^r-fcer 123 - A loaning is pairf oarmed 
so tlia-t tlT^e atnpli-tudes of -the S signals become constanr , a 
presorifaed level in "bKe vicinitiy of ttae zero cross point: , 
(focal point:) is detected, and -tlie focus lead-in is 
performed - 

Figure 8 shows waveforms of the FE signal at the 
practical focus lead— in operation, the RF signal 
corresponding to the total amount of reflected light, and 
the UP/DOWN signal, i.e., focus driving signal, output from 
the waveform generator 207 . In figure 8, the same alphabet 
as in figure 7 designates the corresponding position. 
Figure 9* is a flow chart of the focus lead-in leaning 
process . 

In the dual— layer disVc shown in figure 6(a), as in the 
single-layer disk, after the A/D conversion, the FE signal 
branches in the DSP 129 and realizes a focus lead— in leaning 
operation. In this operation, the disl^ lOl is rotated, the 
semiconductor laser lOS emits light, and the waveform 
generator 207 outputs the UP/DOWN signal that moves the 
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foousing lens 105 iiowax-dl "the a±s)<: lOl (UP) and -tHon away 
from -the disk 101 (DOWN)* At this time. In tlie S signal 
^3[^-tectox- an amplitude of an S signal, which appears In 

-the FE signal during tha up and down movement of the 
focusing lens ,105, is measured. When the measured amplitude 
is smaller than a prescribed amplitude, the gain switch 
circuit 121 is controlled to reduce the gain. When the 
measured amplitude is larger than the prescrihed amplitude, 
the gain switch circuit 121 is controlled to increase the 
gain. Therefore, it is possible to make the amplitude of 
the S signal constant hy the output after the A/D conver-cer 
123* The FE signal including the S signal of the constant 
amplitude is input to the level Judge part 206 - In the 
level judge part 206, the FE signal is compared with a 
prescribed amplitude level ( lead-in level ) - After the 
detection of the lead-in level, switch 201.is turned on- and 
the A-C line of the switch 204 is turned on to close the 
focus servo loop^ whereby the focus lead-in operation is 
achieved - 

The waveform generator 207 generates an accelerating 
pulse signal and a decelerating pulse signal when the light 
beam spot moves from the first layer to the second layer or 
from the second layer to the first layer. The accelerating 
pulse signal and the decelerating pulse signal will be 
described later for the first embodiment of the invention. 
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The reXa-tionship betrween "thie FE signal and -tlie UP/DOWN 
s±gnal output: from t:Jie waveform genex-a-tox- 207 at: tihie focus 
leaca-±n is as stiown ±n f±gvix*e 7. TItlO focus lead— in process 
perf ox-medl in triie DSP 129 will desczribod, us±n0 t:ti^ 

waveform sliown in figure 7 and t:lie flow cl\art: sliown in 
figure 9 • 

WKeri t:he dislc appairat:us Is turned on, thie niot:or 102 
ro-ca-ces. wiien a prescribed rot:at;ing speed is readied, t:be 
semiconductor laser lOQ emits liglit, and the focus lead-in 
operation starts. 

Xn figure 9 , the waveform generator 207 generates a 
chopping wave signal that drives the lens 105 up and down 
(UP/DOWN signal)^ and the UP/DOWN signal is sent through the 
switch 204 and the D/A converter 209 to the driving circuit 
131. Receiving the UP/DOWN signal, the driving circuit 131 
drives the focus actuator 104 so that the focusing lens> 105 
moves upward to the point H nearest to the disk as shown in 
figures '7 and 8 (step Si), At this time, the focal point of 
the light beam 105a is positioned above the information face 
IjI of the second layer of the dislc. 

When the focusing lens 105 reaches the point H, the 
focusing lens 105 is then moved downward away from dis}c lOl 
(step S2 ) , and an FE signal is sampled (step S3}. As shown 
in figure 7, when the focusing lens 105 gradually moves 
downward, the focal point of the light beam 107a, which is 
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near-ex- -fco trlia lens "ttian "tlie focal point: of -t^x^ beam I07t>, 
reacnes tne inf orma-tion face LI of tne second layer of tne 
aisK a-t -fcl^e poini3 I . S±nce an S signal Q2 corresponding to 
■thte 111 face appears in -fctie vicini-ty of -fclie point: I, an 
amplitude of t;nis S signal Q2 is measured (strep S4). 

The amplit:ude of the S signal Q2 is measured in the 
following process. That is, the FE signal is continuously- 
sampled, a maximum value or a minimum value is ohtained hy 
comparing the sampled values of the FE signal, and. an 
amplitude of the S signal Q2 is obtained from the maximum 
value or the minimum value. Further, in order to prevent 
the precision of the sampled FE signal from being degraded 
by circuit noise, noise due to an address part preformated 
on the disk:, or noise due to scratches on the disl^, the ^ 
sampled FE signal is passed through a digital low-pass 
filter that is constituted by a software processing of the 
DSP 129, and a maximum value or a minimum value is obtained 
from the FE signal that has passed through the digital 
filter. Thereby, the amplitude can be measured with high 
precision . 

When the measurement of the amplitude of the S signal 
Q2 is completed (V in step S5), the focusing lens lOS is 
moved downward ( step S6 ) , and the FE signal is sampled ( step 
S7 ) . Since the distance between the second layer 1^1 and the 
first layer LO is about 40 microns, immediately after the 
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Xxglii; l3&a.m spoi; lias passed. tKaroxigh. t:hie point: X of the second, 
lay&r- LI , "fclne Xigli-t ]Deain areaoties -the po±n1: J of -tl\e f xr-st: 
layer- XjO» S±nce an s signal Ql appeaars in -tl^e vicini-ty of 
■tHe point J, 'an ampXituae of trtiis S signal Ql is measured as 
described fox- S signal Q2 (step S8). 

When the measux-ement of the amplitude of the S signal 
Ql is completed (Y in step S9 ) , the fociasing lens 105 is 
moved downward to the point E farthest from the disR ( step 
O SIO). Meanwhile, since the focal point of the light he am 

107h crosses the. information faoe, an S signal corresponding 
r?, to the focal point appears in the FE signal . When the 
^ri surface deflection of the disk is significant, the light 
beams 107a and 107h detect the information face at almost 
the same time, and the two S signals interfere with each 
fU other and become nonlinear • However, this portion is 

ignored, and the focusing lens 105 is moved down to reach 
-Che point A fartlr^est from the disk lOl. 

When the focusing lens 105 reaches the point A, the 
focusing lens 105 is again moved up from the point A toward 
the disk' 101« During the upward movement of the lens, since 
the focal point of the light heam 107b crosses the 
information face, an S signal corresponding to the focal 
point appears in the FE signal • When the surface deflection 
of the disk is significant, the light beams 107a and 107b 
detect the information face at almost the same time, and the 
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•two S signals ±nt:er-fex-e wxtrh eacH otHer and become 
nonXinear. So, 1.1: is ciiffioult: -to acc\irat;ely dLet:ect; t:lie 
inf or-ma'tion faces LO and LI wi-tU "tlie liglit: beam 107a. 
TKer-efoare, dunring -thtis: upwaard. movement o£ "the lens^ iihie 
det;ec1:ion of s signals is noi: perfor-med, an<i "the focusing 
lens 105 is guicicly moved 'to "the point H neazres-t to the disk 
lOl (step S12), At ttiis time, on the basis of the amplitude 
of the S signal Q2 of the second layer ajc\d the amplitude of 
the S signal Ql of the first layer* ^ an appropriate focus 
gain for each of the first and second layer is calculated, 
and a set value of the gain change circuir 122 is stored in 
a RAM (Random-Access Memory, not shown in the figure) in the 
DSP 129* Further, an amplitude of the S signal at the 
changed gain value is calculated, and a value equal to lO - 
30 % of the amplitude is set as a focus lead-in level. Thus 
calculated lead— in levels for the first layer LO and the 
second layer- Lil are also stored in the RAM in the DSP 129 
(steps Sl3 and Sl-d). 

Thereafter ^ a focus gain value and a lead-in level 
corresponding to the second layer Z»X that is detected first 
by the light beam 105a when the focusing lens 105 is moved 
downward from the point E nearest to the disk lOl are set in 
the gain changeable modue 122 and the level judge part 207, 
respectively (steps S15 and S16). After the setting, the 
focusing lens 105 is moved downward (step S17), and the 
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signal xs sampled ( s-tep S18), and trUa sampled FE signal is 
compared wit;l:i Hiie set: lead-in level. Wlien -tine lead-in level 
is reached or exceeded, it is judged that: the lead-in level 
is detected (step 319 >. Th^n^ ths UP/DOWN signal is stopped 
(Step S20) to ^stop the downward movement of the lens 105. 
Finally, the switch 201 is turned on and the A-C line of the 
switch 204 is turned on to close the focus servo loop ( step 
S21 ) , wherehy the focus lead— in is completed. 

After the focus lead-in on the information face Xil that 
is reached first by the focal point of the light heam, the 
ligl-it; heam is moved to a prescribed information face 
adjacent to the information face LI, and signals are 
recorded in or reproduced from this information face. The 
method of moving tlie light heam between the two information 
faces will be described later for the first embodiment of 
the invention. *• 

Further, as described above, in steps S13 and S14, the 
S signals corresponding to the information faces LO and LI 
are measured, the set values of the gain changeable modue 
122 corresponding to the amplitudes of the S- signals are 
stored in the .RAM, and the lead-in levels of the information 
faces LO and LI when the changed set values attain 
prescribed amplitudes are calculated. The stored gain set 
values of the information faces LO and LI are set for a 
target information face when focus Jumping is performed. 
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Furttier- , tKe oalculai^ed leaci-±n levels are set: for -fclie 
respect:±ve inf ormation faces- Ti-i© set value of -tHe gain 
changeable modue may be obtained from an ampli-tude of a 
signal pr-opor-tional "to the amoixn-t of reflected light, for 
example, the J\S signal or the RF signal. This processing 
will be described in more detail for the second and third 
embodiments of the invention. 

m the focus lead-in method according to the present 
invention, after the focusing lens 105 is once moved up to 
the point H nearest to the disk 101 from the mechanical 
interference point, the focusing lens 105 is moved down to 
the point A farthest from the disk lOl, and the amplitude of 
the S signal is measured- Then, the leaning of gain or the 
like is executed. Thereafter, the focusing lens 105 is 
again moved up to the point H and then moved down from the 
point and the S signal of the information face LI that 

appears first is detected, whereby the focus is led in the^ 
inf orma"6ion face IjI . 

Here, the focusing lens 105 is once moved down to the 
point A 'with tine mechanical intermediate point as a 
reference and then moved up from the point A to the point H, 
and the S signal that appears in the FE signal is detected, 
and the gain is leaned. Thereafter, the S signal of the 
information face Ll that appears first when the focusing 
lens 105 is moved down from the point H is detected, whereby 
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-the f ocas is X^cl ±r\ -the inf oxma-tion face Ll . As a result: , 
■tn© -time r-equir-ed for tne focus lead-in is reduced - 
As described above, \-7beTi a -two- layer disk or a 
mul-tiple— layer disk is loaded in. "the appara-tus, -the focus is 
always led in ,an inform at: ion face tlxa^t is farthest: from ttie 
focusing lens and, -tbereaf -ter , tihie focus is moved tro anotlier 
informa-tion face as desired using a focus jumping means 
accoirding to "tbe firsi; embodiment: of trlie invent:ion wbicb 
will be described later. Therefore ^ a reliable focus lead- 
in is performed, and move to a desired information face is 
possible • 

By employing tbe focus lead-in metbod according to tbe 
present invention, in a recording and reproducing apparatus 
including an optical system baving two focuses ( light beams ) 
corresponding to disks of different base material 
thicknesses, even when dual— layer- or multiple-layer disks of 
different base material thicknesses are loaded in the 
apparatus, since the detection and measurement of S signals, 
the gain change, and the lead*-in level leaning can be 
performed accurately by the two light beams cox-responding to 
the respective disks, the focus can be led in the recording 
and reproducing face that is detected first, with high 
reliability. 
£ Embodiment 1 ] 

A focus Jumping from one information face to another 
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inf oirination faoe iri an op-fcicaX d±&)c apparatus aGCor-dlxng t:o 
■tin© £±x-s-t amt)OtadLmen*t of -thie invenrlon w±3-l t>e d^scritjeti 
h.ere±naf t:er wit:hi reference to figuires 1, 2, 10-12^ IS, and 
23. In th±s fxr-st emt>od±ment , a dual-layer dxslc liaving two 
inf ormati-on fapes liO and Ll is employed. Howevei:, the foou-3 
jumping metliod according to tlie first embodiment of the 
invention may he applied to other multiple- layer disks 
having more than two Information faces. 

Figure 10 is a block: diaigram illustrating the tracking 
servo system in the. DSP 129 shown in figure 1. Figure 11 
shows waveforms of an FE signal, a positive and negative 
pulse signal FEaMP generated in the waveform generator and 
applied to the focus servo system, and a TE signal^ when 
focus jumping is performed from LO to LI, and from Li to LO. 

Figure 18 shows the relative positions of the dis>c and 
the focusing lens (light beam) and the relationship between 
the FE signal and the focus Jumping pulse signal FEJMP, when 
■the focus jumping from LO to LI is performed. Figures 
23(a), 23(b), 23(e), 23(d), 23(e), 23(f), 23(g), 23(h), 
23(i) show spots detected by the photodetector when the FE 
Signal is positioned al: points B, C, D, E, F, G, H, and I 

in figure IS , resperitively . 

Xnitially/ the fundamental operation according to this 
first embodiment of the invention will be described. 

As shown in figure 18, when the foc\ising lens gradually 



moves -t:owaar<3 -the dual — Xay^ir disVt, tha focal po±nt: of t:h.e 
liglit: beam passes tlnxougl^ tine inf oirmation faces LO and Ll , 
and two pexiodic sine wave siiaped signals, i*e*, S signals, 
appeaar in tlie FE signal ♦ 

It: is desiired tl^ia't tlie amount of reflected light farom 
tlie information face IiO is approximately equal to th.at from 
ttie information face Ll to make tKe performance of the 
information face tiO approximately egual to ttiat of ttie 
information face 1.1 . For this purpose, the reflectivities 
of the Information faces LO and Ll should be ahout 30 % and 
ahout 70%, respectively- Since the S signal appears within 
a range of 7 - 10 pm from the top and the bottom of each 
information face, the distance between adjacent information 
faces should be sufficiently larger than this range so that 
the S signal generated by reflected light from an 
information face is not adversely affected by reflected^ 
light from another information face- Xn this first 
embodiment, the distance between the information faces LO 
and Ll is about 40 pm. 

V7hen the focal point of the light beam approaches the 
information face LO, since the reflected light from the 
inf ormat ion £ ace LO increa ses , the amplitude o f the FE 
signal increases with the negative polarity from the 
approximate O level (point A). The amplitude attains a peak: 
at point B and, thereafter, it gradually decreases toward 
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tlio O leveX- Whien -ttxe O level is jreaclied (poln-t C), -fchei 
£ocal point of iiKe^ ligint: beam is position on thie infoirmarion 
face IjO. Wtien -tne £oca.l poini-b of thie lighl:: taea^m goes aw^y 
farom ttve ir\f ormatiorx fa-ce LO, ttxe ampli-tude of -the FE sigrxal 
incoreases with, -fcl^e positive polarity^ attains a pealc at 
point O, ancl tlnen decreases to tiie O level. 

Fviirther, wKen tlie focal point of the light beam passes 
thxough the infoxTnation face LO and approaches the 
information face LI, since tbe reflected liglit from the 

information £aoe LI inoarsases, the amplitude of the FE 
signal increases with the negative polarity from •nhe 
approximate O level (point E), The amplitude attains a peak 
at point F and, thereafter, it gradually decreases toward 
the O level- When the O level is reached (point G), the 
focal point of the light beam is positioned on the 
information face LI . When the focal point of the light, beam 
goes away from the information face LI, the amplitude of the 
FE signal increases with the positive polarity, attains a 
peak: at point H, and then decreases to the O level* By the 
passage of the 3eocal point o£ the light beam through the 
information faces LO and LI, two periodic S signals appear 
as shown in figure 18. 

When focus jumping is performed from LO to LI, the 
tracking servo system is turned off, and an accelerating 
pulse signal a7-\d a decelerating pulse signal as shown in 
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figure 18 ax-^ applied "to trlie focus ser-vo sys-fc^m wh±le 
holding -the foous control. For example, when the focus 
con-txol is pexforined following t:he ±nf oirmaiiiion face UO 
(point: C), -fche foovis con-txol is held, and an accelex*a-ting 
signal having ,a parescr±bed ampliTrude of a positive polax-ity 
is applied during -the period t. By "the accelera-fcing signal, 
-the ligh-t heam moves :£roni the information face LO toward the 
information face LI - Even though the accelerating signal 
becomes ziero before the light beam reaches the information 
face Ll / the light beam moves toward the information face £.1 
by inertia. At this time, in the FE signal, two s signals 
appear on the positive side of t*0, i.e., between points D 
and E , and on the negative side of Ll , i - e - , between points 
E and F, and tne light beam reaches the Information face Ll , 
In order to sufficiently reduce the moving speed of the 
light beam when it reaches the information face Ll so that 
the focus lead-in is stably performed on the information 
face Ll/ a decelerating signal having a prescribed amplitude 
of a negative polaarity, opposite the positive polarity of 
the acceilerating signal, is appliecl during a period of time 
from point E where the S signal becomes approximately zero, 
that is, an intermediate point between the information faces 
LO and Ll, to point G where the light beam reaches Ll or 
point RO where the light beam goes a little over the 
information face Ll, whereby the moving speed of the light 
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FE signal varies in -tHe vicinity of point E clue to 
surface defXection of the ais3« or the like, a lead-in level 
of -the focus control is set at a point where the light heam 
goes a little over the information face Ll^ and the 
decelerating signal is made zero at the moment when this 
lead-in level is detected, whereby the focus control is 
quickly performed- Thereby, the light beam follows the 
information face 1*1 (point G), and the focus jumping is 
completed- Therefore, as shown in figure 11, when the 
accelerating signal and the deceleraring signal are applied 
while appropriately changing the polarity, a stable focus 
Jumping from t*0 to LI or from 1.1 to LO is zreali^ied . 

Figure 12 is a flow chart illustrating the focus 
jumping process realized by the DSP 122 • Hereinafter, the 
focus jumping process will be described using figures 11 and 
12, 

When a focal point of light beam is moved from the 
first layer LO to the second layer LI or from the second 
layer Ll to the first layer LO, as in the above-mentioned 
focus control process, a pulse signal FOJMP is produced in 
the wavefox-m generator 207 and applied to the servo system 
by a software processing within the DSP 122, wheoceby the 
focal point of light beam is moved from an information face 
-to another information face, i.a., focus jumping^ is 



70 



Fo3r exampXe, wln&n. "ttie focus Jumping fjrom LO "to Ll is 
perfoirmed, ±n.±t:±alXy^ -tlie switch 301 atiown in figur-e lO is 
-tur^ned o£f "to -turri off -tKe -tracking searvo sys-fcem ( step 1 ) - 
Then, the B-C aine of the switch 204 shown in figure 2 is 
tur-ned on to hold a focus driving signal by the hold part 
208 ( step S2 ) . 

N^xt, an accelerating pulse AO of a Jumping pulse 
(FEJMP pulse) is produced in the waveform generator 207 
shown in figure 2, and the accelerating pulse AO is applied 
through the switch 204, the DA converter 209, and tne 
driving circuit 131 to the focus actuator 104 (step S3). 
The pulse with and the peaK value of the accelerating pulse 
AO are set according to the sensitivity of the focus 
actuator 104 and the surface deflection of the disk 101. 
When a prescribed pulse is applied to the focus servo 
system, the focusing lens 105 moves upward, i.e., toward the 
information face lil . With the upward movement of the lens 
105r an S signal appears as shown in figure 11 (left side in 
the figure ) - 

When it is detected that the S signal reaches the 
x'^f eremce ievel O, i.e., win en the zero cross level of the FE 
signal ( or an amplitude level in the vicinity of the zero 
cross level) is detected (step S4), the gain set value of 
the gain change circuit 122 is changed to a gain set value 
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of -tln& a.m£oxTna.-fc±or3L face LI ( Btep S5), and. 'tK© £oous leaoL— in 
level ±s set t:o a focus lead-in level of tilie infonna-txon 
face LI by -the level judL^e pairt 206 (step S6), whiex*eby tl^e S 
signal and tKe lead— ±n level of the information face Ll ar© 
accurately <aetectea . 

Fuxttieir/ a deoeleirating pialse BO produced in the 
waveform generator 207 is applied ( step S7 ) * By the 
decelerating pulse BO, a bralce is applied to the focusing 
lens 105 that is moving toward the information face LI. So, 
when the FK signal reached the lead-in level RO of the 
information face LI (Y in step S8), the moving speed of -che 
focusing lens 105 is almost the minimum, i.e., O. At this 
time, the output of the decelerating pulse BO is stopped, 
and immediately the A-C line of the switch 204 is turned on 
to turn on the focus servo system (step S9 ) , whereby^ in the 
vicinity of the lead— in level point RO^ the focus is st^ibly 
led in. Thereafter, during the period of time from RO to 
UO, it is confirmed that the focus is normally led in, by 
the TE signal (or RF signal) exceeding a prescribed value 
(step SIO). Finally, the switch 301 shown in figure lO is 
turned on at point UO in figure 11 to turn on the traolcing 
sex^o system (step Sll), and prescribed trade and sector 
address are sought (step S12). 

Although the accelerating pulse is applied for the 
constant period of time t and the decelerating pulset is 
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applied fox- -tKe period of tim© auring wliicH -tKe focusing 
leris 105 moves £x-om "the int:eirinediat;e point; betrween LO ondL LI 
-to 111, tliese pesriods may be set: as follows* Tliair is, an 
mascimum value oir a. minimum value of t:lr^e amplitude of t:lie S 
signal is stroarpd in t:ln& KAM (not; sl\own), and a level 
coarr-esponding "to a px-escrit^ed rate of "thxe maximum value or* 
-tHe minimum value (preferably, 60 - SO %) is obtained as a 
comparatror level. Tben, tine sampled FE signal is compared 
with the comparatoir level- The maximum value of the S 
signal is detected t»y that the FE signal hiecomes larger than 
the comparator level and, thereafter, smaller than the 
comparator levels Lilcewise, the minimum value of the S 
signal is detected hy that tine FK signal hecomes smaller 
than the comparator level and, thereafter, larger than the 
comparator level * When the maximum value is detected in 
this way, the accelerating pulse is stopped and the »^ 
decelerating pulse is output. When the minimum value is 
detected", the decelerating pulse is stopped and the 
accelerating pulse is output. In this case, the timing of 
acceleration and the timing of deceleration can he desirably 
changed by the comparator level* Especially, when the 
timing is appropriately quickened within a range of the 
performance of the focus actuator 104 , unwanted positional 
deviation due to surface deflection of the disk is 
significantly reduced, so that the focus jumping can be 
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pearf omed. at: lniiglie3r speed • 

As describect above, accoirding i:o -tlie fizrst; embodiment: 
of -fclie presen-t inventrion, using- -tbe focus Jumping means, ±n 
the focus oort-fciroX l^oXding s-fcatre, tbe aoc:eier'at;ing signal and 
tne decelex-al^ijng signal, Having opposite polari-fcies, ar-e 
applied -to -tbe focusing lens driving means, wbereby -fcbe 
ligb-t beam is moved between two information faces « Fuartbeir, 
tbe ligbt beam's areaobing a taarget information face or going 
a little over tbe information face is detected by tbe 
amplitude level of tbe FE signal, i.e., by an output from 
tbe ligbt beam focusing condition detecting means, wbereby 
tbe focus control is performed. Tberefore, in a multiple- 
layer disk, tbe focus jumping from one layer to anotber 
layer can be performed at bigb speed, witb bigb reliability. 
[ Embodiment 2 ] 

An optical disJi apparatus according to a second 
embodiment of tbe present invention can perform tbe above-- 
mentioned focus Jumping stably again variations in tbe disk. 

As described above. In a dual-layer disk baving first 
and second layers (information faces) LO and LI, it is 
desired to design tbese layers LO and LI so tbat tbe amount 
of reflected ligbt from tbe first layer LO is approximately 
equal to tbat from tbe second layer LI by controlling tbe 
reflectivities of tbese layers LO and LI. However, because 
of variations ±n tbe material of tbe disk or variations IrL 
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•thie in-tex-medlJLa'ta layer- l^e-tween fir-si: and seconti layeirs 

LO and 111, iiliet amoun-t of jreflected llgnt from lilie first: 
layer IiO (the second layer 1^1) varies from a desired value - 
rpy^-i variation appears as a variation in the FE signal, the 
AS signal, or .the RF signal - 

If the amplitude of the FE signal varies, the gain of 
th^ focus servo system varies when the focus moves to a 
target information face, resulting in unstable focus lead- 
in* When the variation is significant, the lead-in level 
for detecting that the focus has passed through the target 
information face is detected incorrectly or is not detected, 
resulting in unstable focus jumping. 

In order to solve these problems, as shown in figure 8, 
amplitudes of two S signals, which appear in the FE signal 
corresponding to the information faces LO and Ll of the 
dual-layer disk:^ are measured, and the gain of the FE signal 
in the gain changeable modue 121 shown in figure 2 is 
changed "on the basis of the measured values so that 
prescribed amplitudes are attained at the inf onnation faces 
L.1 and liO. Further^ the measured amplitudes or the gain set 
values of the gain changeable modue 121 on the basis of the 
measured amplitudes are stored in the RAM within the DSP 129 
shown in figure 2. When the focus jumping is performed, the 
gain of the FE signal is changed to the set value on the 
basis of the amplitude of the S signal of each information 
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fSLce ( s-tep S5 ±n figusre 12), Fxirtrlier- , -tho focus lea.ci-±r\ 
level is set: ±n "ttie level judge par-t 206, cor-x-esponcixng- -to 
"tlie S ainpl±i:ude o£ -the FE sxgnal aftrer -the gain, chaxige (strep 
S6) . 

When -tHe *t:lxiciknesa o£ t:hie in1:eirmecLiat:e layer o£ trhe 
dual-layer disk: is very t:liic>c and varies, t:lie amoun-t of 
x-efleot;od ligtit; from trhe infonnat;ion face Ll signif icaintily 
decreases as compered witiK tlie inf ormat:ion face LO . 
Ttierefore, even t:liougti t:tie S signal of the informatiion face 
LO has a. prescribed ampli'tude, "the emplitude of t:lie S signal 
of tiiie inf oinna.i:ion face IjI becomes smaller tiban t:lie 
prescribed ainplitiude . In t:bis case, t:Jie S amplitudes of t:he 
information faces LO end Ll are measured and stored at the 
time of focus lead-in* When the focus jumping is performed 
from the information face LO to the information face Ll , the 
set gain of the gain change circuit 121 is increased so" that 
the stored S amplitude of the information face Ll becomes a 
prescribed amplitude - 

In this second embodiment of the invention, the 
. amplitudes of the s signals corresponding to the respective 
information faces or set values of the gain change circuit 
121 on the basis of these amplitudes are stored in the KAM 
in the DSP 129 and the stored values are set when the focus 
jumping is performed. Therefore, even when the amount of 
reflected light from each infoirmation face of the dual — layex- 
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d±sk (or a mul-fcxple- layer disk) varies and the amplitude of 
-tlie S signal in -the FE signal corresponding "to eacnh 
in£orma-tion fa.ce varies, or even when -the amplitude of the S 
eignal varies be-tween different disKs, appara-tuses , or 
heads ^ the focus lead-in can he performed stahly against 
these variations . 

Fxir-thermore, the lens moving speed for the focus lead- 
in ax rtie starting of t:he apparatus is different from -the 
lens moving speed for the focus Jumping. usually, the lens 
moving speed is higher a-t the focus jumping than at the 
focus lead-in. Therefore, considering this difference in 
■ttie lens moving speed, tl^e FE gain of tlie gain change 
circuit 121 is ctianged on the basis of the S amplitude of 
tne FE signal -that is calculated and stored when tbe light 
beam passes through each information face at the starting 
and, aftear -th^ change, the lead-in level at the focus 
jumping is set to a level different from the focus lead-in 
level at the starting, for the S signal having an amplitude 
approximating tbe prescribed amplitude, whereby more stable 
focus lead— in is realized. 

As described above, the optical disk apparatus 
according to this second embodiment is equipped with a 
storage means for storing focus condition detecting signals 
which are obtained when the focal point of the light beam is 
passed through the first and second information faces of the 



77 



d±5)c foy cLjc±t/jLn.0 -fch.© focusing Xens so -tKa-t tKe ligh-t t>&a.m 
goes away fzrom or* close to t:tie x-ecsox-ding medium. When xtie 
focus jumping is pex-formed t>y the focus Jumping means, a 
gain of the focus seirvo means is changed, accox-d-ing to the 
values stor-ed in the focus condition detecting signal 
stoi-age means. Fux*thex*, a focus control lead-in level for* 
the focus Jumping is set accoarding to an output signal from 
the focus oontxol means a gain of which is changed. 
Therefox-e, the focus Jumping can be pex*f02rmed stably against 
variations in the amount of x-eflected light from infoxmation 
faces of a dual-layer disk: or a multiple-layer disk, or 
variations in the amplitude of the S signal between 
diffearent disks ^ appax-atuses, or- Kestds. 

Further^ since the lead-in level at the focus Jumping 
is calculated on the basis of the S amplitude of the FE 
signal tbat is stored at thxe starting of the apparatus,^ 
considering the lens speed for the focus lead-in at the 
starting* of the apparatus and the lens speed for the focus 
Jumping^ and the lead-in level is set individually. 
Therefore, more stable focus lead-in is realized. 
[Embodiment 3] 

In this third embodiment of the invention, a structure 
for operating the focus Jumping stably against variations in 
the disk: or the like and the focus Jumping operation will be 
described . 
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xef leccedl ligUt; fx-om -ctie inf O3rina."t±ori faces LO eunca LI appears 
as a var±a-t±on ±n 1:1:1^ ampl±t:ude of "the FE signaX, the AS 
signal^ 02: -the RF signal- Therefore, "the amplitude of the 
AS signal, the RF signal, or the envelope detection signal 
of the RF signal is proportional to the amplitude of the fe 
signal- Therefore, the amplitude of the FE signal can be 
easily supposed from the amplitude of the AS signal, the RF 
Signal, or the envelope detection signal. 

Therefore, in this third embodiment of the invention, 
when the focus is led ii\ the dual-layer disk, amplitudes of 
two S signals, which appear in the AS signal (refer to 
figure -4) or the RF signal (not shown) simultaneously with 
the S signals in -the FE signal and respectively 
corresponding to the first and second information faces LO 
and IjI, are measured, and the gain of the FE signal in ^the 
gain changeable modue 121 shown in figure 2 is changed on 
the basis of the measured values so that prescribed 
amplitudes are attained at the information faces LI and LO. 
Further,- an amplitude of the FE signal supposed from the 
measured amplitude of the AS signal, the RF signal, or the 
envelope detection signal, or a set value of the gain 
changeable modue 121 on the basis of the amplitude is stored 
in the RAM in the DSP 129 • When the focus Jumping is 
performed, the gain of the FE signal is changed to a set 
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vaXue on -tn^ basis of the stored amplitude of tlie S signal 
of each information face (step S5 in figure 12), Further, 
the focus control lead-in level is set corx-espondiner to the 
S amplitude of the FE signal after the gain change ( step 
S6) . 

Since the focus lead-in level is set corresponding to 
the S amplitude of the FE signal after the gain change, as 
in the secondl emhodiment of the invention, the focus Jumping 
can be stably performed- 

In this third embociimerLt of the invention, the AS 
signal, the RF signal, or the' RF envelope signal, wh±ch ax-e 
proportional to the S signal, is measured, and the measured 
value or a set value of -the gain changeable mod.ue 121 on the 
basis of the measured value is stored in the RAM in the DSP 
129 and, when the focus jumping is performed, the stored 
value is set. Therefore, even when the amount of reflected 
light from each information face of a dual-layer disJc or a 
multiple- layer disk varies and the amplitude of the S signal 
in the FE signal coirresponding to each information face 
varies, or evan wben the ampHtude of -tbe S slgnel varies 
between different disks, apparatuses, or heads, the focus 
lead~in can be performed stably against these variations. 

Further, considering both the lens speed for the focus 
lead-in at the starting of the apparatus and the lens speed 
for the focus jumping, the lead— in level at the focus 
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Jumpi-ng ±s calcula-ted on -the basis of tlia S ampli-fcucie of -fchxe 
FE signaX tliat: is stoared at: tiie st;aTrt;ing of me apparatus, 
and "tJie Xead-in leval is set individually. In "ttiis case, 
more stable focus lead-in Is realized. 

Furtliermore y wtien a signal obtained by dividing the FE 
signal by tbe total of outputs from the adders 116 and 117 
shown in figux-e 1, i,e», total light amount signal AS, ozr a 
signal obtained by changing the set gain of the gain change 
circuit 121 according to the amplitude of the total light 
amount signal AS, is used in place of the FE signal to be 
sampled at the focus Jamping, even when the reflectivity of 
the disk significantly varies between the information faces 
L.1 and the inf oirrtiation face r*0 or between the inner 
circumference, the center, and the outer circumference,- the 
lead-in level of the target information face can be 
accurately detected . 

When the focus moves from the information face LI to 
the information face LO, the FE signal and the FEJMP pulse 
become as shown in figure 11 (right side in the figure )- 
Also in this case, the focus Jumping can be realized by 
process steps similar to those described above- 

In the foregoing description, the focus Jumping is 
performed while holding the control signal input to the D/A 
converter 209 shown in figure 2, i,e», the FE driving 
signal- However, when surface deflection of the disk is 
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consider-abX^, -tlie FE signal input: "to -tti^ switch. 201 shown in 
figure 2 is passed "ttiarough a high firequency cut:-o£f filter- 
•to eliminate noise compon^n-fc, and this signal is held during 
■the £oGus Jumping and -then sent: "thirough -the D/A conver-tear 
209 "to the driving circuit: 131. Xn this case, unstable 
factors caused by positionai error due to the surface 
deflection are absorbed. 

As described above, the optical disk apparatus 
according to this third embodiment is equipped with, a 
focusing condition detecting signal storage means for 
storing a signal detecting the focusing condition of the 
light beam, which signal is obtained when the light beam 
passes through first and second information faces when the 
focusing lens is driven so that the iight beam approaches 
the disk or goes away from the disk. When the focus jumping 
is performed, the gain of the FB signal that changes the S 
amplitude is set to a value on the basis of ain amplitude of 
the FE signal supposed from the AS signal, the RF signal, or 
the envelope detection signal which are stored in the 
storage Means, and the lead-in level of the focus control is 
set according to the S amplitude of the FE signal after the 
gain change* Therefore, even when the amount of reflected 
light from each information face of the dual-layer disk 
(multiple-layer disk) varies and the S amplitude of the 
information face varies, or when the S amplitude varies 
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between <a±f f eiren-t disks, appax-atusas, ox* lieadLs, -the focus 
Jumpxng can Jbe per-formed sizably against: these vax-iations . 

Furtrier-, consiaering both the lens speed for- the focus 
lead-in at the starting of the apparatus and the lens speed 
for the focus Jumping, the gain is changed on the basis of 
the amplitude which is measured and stored when the light 
beam spot passes through each information face at the 
starting of the apparatus and the amplitude of the AS 
signal, the RF signal, or the RF envelope signal, and then 
the focus lead-in level at the focus jumping after the gain 
change is calculated, and the lead-in level is set 
individually • Therefore, more stable focus lead-in is 
realized . 

Furthermore, the amplitude of the signal for detecting 
the focus condition of the light beam irradiating the 
information face is divided by the amplitude of the signal 
obtained by detecting the reflected light amount from the 
information face, and the focus jumping from the first 
information face to the second information face is conducted 
by moving tbe light beam according to the result of the 
division* Therefore, even when the reflectivity of the disk 
significantly varies between the inner circumference, the 
center, and the outer circumference of the disk, the lead-in 
level of the target information face can be accurately 
detected, resulting in an accurate focus jumping. 
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[Embod±m©n-t 4] 

In oircLoar "to secure a Inigli. st:ab±l±t:y of -the £ocus 
Jumping^ "tti© peak valu&s of t:be accelearatring p\iXse and -tha 
dtecsl^ara'ting pu.Xsa wben. tb© focus j-amping ±s pe^rfoxrn^d mvisir 
be set: in due ^consideration of sensi'tivi'fcy of -fciie focus 
ac1:uat:oir X04, surface deflection of tlie disk 101, vibiration 
farom •\zl\& outside, and. -tH^ liko- 

Wlien "tbe op-fcical disk appar-atus is a txor-izon-bal 1:ype 
op-tical disk apparatus in wliicb a disk is set liorizontally , 
tb.e acceleration of tbe focusing lens 105 driven by tKe 
focus actuator 104 is +1G (G: gravitational acceleration) 
when tbe accelerating direction is upward. Wben tbe 
accelerating direction is downward^ tbe acceleration of tbe 
lens 105 driven by tbe focus actuator 104 is -IG- 
Tborefore, tbe moving speed of tbe focusing lens 105 is 
lower in tbe upward direction tban in tbe downward 
direction - 

In tbis fourtb embodiment of tbe invention, in order to 
acbieve a stable focus jumping by canceling tbis difference, 
the peak 'value of the accelerating pulse AO wben the light 
beam spot ( focusing lens 105 ) moves upward ( LO LI ) is made 
larger than the peal<: value of the accelerating pulse Al wben 
the light beam spot moves downward ( Ll LO ) - 

In place of the peak value of the accelerating pulse, 
the time interval of the accelerating pulse may be cbanged. 
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Xn "thiB cas^^ tKe time in-tearvaX of "the acceleira-txng pulse AO 
when the light beam spot moves upward { LO Ll ) ±s made 
longer thain the time interval of the accelerating pulse Al 
when the light hoam spot moves downward ( IjI LO ) , 

Alternati.vely , the product of the peak: value multiplied 
by the time interval may be controlled. Xn this case, the 
product of the accelerating pulse AO when the light beam 
spot moves upward ( LO LI) is made larger than the product 
of the accelerating pulse Al when the light beam spot moves 
downwarca. (LI LO ) . 

In any case^, when the difference in the accelerations 
of the focusing lens 105 between the upward movement and the 
downward movement is sot to about ^G, a stability of the 
focus Jumping can be secured in any moving directions. 

As described above, accor^iing to the fourth embodiment 
of the invention, the foous Jumping means includes an 
accelerating means for generating an accelerating signal 
that moves the focal point of the light beam from an 
information face to another information face of the disk and 
a deceleirating means for decelerating the moving speed of 
the focal point of the light beam. When the disk is set 
horiicontally , thei peak value of the accelerating signal^ the 
time interval of the accelerating signal, or the product of 
the peak value and the time interval when the focal point 
moves upward is made larger than that when the focal point 
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moves downwax-d. Ther-efoire, a st:ab±l.±ty of -bhe focus J Limping 
can be secured xn any case. 
C Embodimen't 5 ] 

Al-tKougb -tbe pea>c value of -the accelex-a-ting pulse Is 
coniir-olled to jcanoel tbe difference in -tlie moving speed of 
±Jn^ ligbt: beam spot between tbe upward movement and ttie 
downward movement in tbe fourth, embodiment of tbe invention, 
the pealc value of the decelerating pulse may be oontarolled. 

That is, in this fifth embodiment of the invention, the 
pea>c value of the decelerating pulse BO when the light beam 
spot moves upward ( LO -» t,l ) is made smaller than the peaJ^ 
value of the decelerating pulse Bl when the light beam spot 
moves downward (LI » L»0 ) - 

In place of the peak value of the decelerating pulse, 
the time interval of the decelerating pulse may be changed . 
In this case, the time interval of the decelerating pul:Se BO 
when the light beam spot moves upward ( LO 1.1 ) is made 
shorter tban the time inteirval of the decelerating pulse Bl 
when the light beam spot moves downward ( LI LO ) . 

Alternatively, the product of the peak value multiplied 
by the time interval may be controlled. In this case, the 
product of the decelerating pulse BO when the light beam 
spot moves upward ( LO LI ) is made smaller than the product 
of the decelerating pulse Bl when the light beam spot moves 
downward ( LI LO ) . 
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In any case, wiien -tlie <a±f£earence ±n the acceleirations 
of the Ixgrht beam spot between the upward movement and the 
cLownward movement Is set to about 2G, a stability of the 
focus jumpinQ^ can be secuxred • 

As described above, according to the fifth embodiment 
of the invention, the focus Jurapingr means includes an 
accelerating means for generating an accelerating signal 
that moves the focal point of the light beam from an 
information face to another information face of the disk and 
a deceleara-fcing means for decelerating the moving speed of 
the focal point of the light beam. When the disk is set 
horizontally, the peak value of the decelerating signal, the 
time interval of the decelerating signal, or the product of 
the peak value and the time interval when the focal point 
moves upward is made larger than that when the focal point 
moves downward. Therefore, a stability of the focus Jufnping 
can be secured in any case* 
t Elmbod iment 6 ] 

An optical disk apparatus according to a sixth 
embodimeri-c of the present invention is a horizontal and 
vertical type optical disk apparatus having both a mechanism 
for setting a disk vertically and a mechanism for setting a 
disk horizontally. In the apparatus, a DC component of the 
driving current of the focus actuator 104 after the turning- 
on of the focus control, i,e,, a DC value at the input node 
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of -tine D/A corkvi^as^fc^:;' I^09 , ±sz clt\ir.e=icz±.f=K^ f*ru^, — »r^c:o-r<3-i jri0 -to -tK» 

magni-tude of the de-fcected value, whether the disk is set 

□result, -the accoler-ating pulae axid the decelex-a-txrig pulse 
axe set at the optimum values. Ther-efoz-e^ even when the 
surface deflection of the disk is considexahle ox- the 
sensitivity of the foous aotuator* has no margin, stable 
focus Jumping is realized - 

Wlien it is identifiedL that "the disk is horizontally 
set, the accelerating pulse or the decelera-ting pulse is 
controlled as described for the ±^ourt:h or fifth embodiment 
of the invention. 

On -the other hand, when it: is i<3.entified -that the disk 
is vertically set, it is assumed that the moving speed of 
the accelerating pulse and the moving speed of the 
decelerating pulse when the light beam spot moves from LO 
to IjI be eQual to the moving speed of the accelerating pulse 
and the ftioving speed of the decelerating pulse when the 
light beam spot moves f^rom 1*1 to 1*0, respectively. As 
described above ^ when the disk is horizontally set, the 
focusing lens 105 is influenced by a gravitational 
acceleration of 4-lG when the light beam spot moves from LO 
to IjI, and it is influenced by a gravitational acceleration 
of -IG when the light beam spot moves from LI to L>0* 
Therefore, the downward moving speed (LI -> LO) in case of 
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•tKe hor-izorx-ta-l set;1:ing is iixgher* "ttian -ttxe moving spe^d. in 
case of -the veir-tical set-bing, and -fcl^a upwaard moving speed 
( LO LI ) in case of t^ie hkor-i:5ont:al setting is lower than 
the moving spcod in case of the veartical setting. 

In this sixth embodiment of the invention, in order to 
achieve a stable focus Jumping by canceling this difference, 
when the light beam spot moves from the bottom to the top Of 
the disk ( LO LI), the peak value or the time interval of 
the accelerating pulse AOV in the vertical setting or the 
accelerating pulse AOH in tl^e horizontal setting is changed * 

More specifically, the product of the peak value and 
the time interval of the accelerating pulse AOH in the 
horiz;ontal setting when the light beam spot ( focusing lens ) 
moves upward (LO ^ LI) is set at a value largex- than the 
product of the peak value and the time interval of the 
accelerating pulso AOV in the vertical setting when the * 
light beam spot moves (the product is the same for LO LI 
and LI --^ 'LO ) • 

Alternatively, the time interval of the accelerating 
pulse is 'fixed for both the horizontal setting and the 
vertical setting, and only the peak value of the 
accelerating pulse may be changed- More specifically, the 
peak value of the accelerating pulse AOH in the horizontal 
setting when the light beam spot moves upward ( LO -> Ll ) is 
set at a value larger than the peak value of the 
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accelex-a-ting puXse AOV ±n -the ver"tical set:-t±ng w^en "tlie 
light: Jbeam spot moves ("the peak wave ±s -th© same for* LO -> Ll 
and IjI LO ) , Ox-, -the peak value of trhe accelera-ting pulse 
±s f ±xe<i £o3r hoth -the horizontal se-tting and -the vex-t:ical 
se-t-ting, and only "the "time in-texval of the acceleira-ting 
pulse may be changed. That is, -the -time interval of the 
accelerating pulse AOH in the horizontal setting when the 
light heam spot moves upward { LO 1.1 ) is set at a value 
larger than the time interval of the accelerating pulse AOV 
in the vertical setting when the light heam spot moves. 

In place of the accelerating pulse, the decelerating 
pulse may be changed. That is, the product of the peak 
value and the time interval of the decelerating pulse BOH in 
the horizontal setting when the light beam spot moves upward 
( IjO 111) is set at a value smaller than the product of the 
peak value and the time interval of the decelerating puXse 
BOV in the vertical setting when the light beam spot moves 
(the prodtuct is the same for IiO ^ LI and Ll LO). 



pulse is fixed for both the horizontal setting and the 
vertical setting, and only the peak value of the 
decelerating pulse may bo changed. That is, the peak value 
of the decelerating pulse BOH in the horizontal setting when 
the light beam spot moves upward (LO LI) is set at a value 
smaller than the peak value of the decelerating pulse BOV in 
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■the vear-ticaX se-t-ting when -the Xigh-fc be&m spot moves ( ttie 
peal^ wave ±s the same for LO Ll and LI LO). Or, the 
peak value of the decelerating pulse ±s fixed for both the 
horizontal setting and the vertical setting, and only the 
time interval .of the decelerating pulse may be changed • 
That is, the time interval of the decelerating pulse BOH in 
the horizontal aetting when the light beam spot moves upwarcL 
{ LO LI ) is set at a value smaller than the time interval 
of the decelerating pulse BOV in the vertical setting when 
the light beam spot moves « 
[Embodiment 7] 

When the light beam spot (focusing lens) moves downward 
( Ll LO) in the horizontal setting, since the focusing lens 
is influenced by a gravitational acceleration of ~1G with 
respect to the Ll to LO movement in the vertical setting, 
the aownward moving epeeci of the light beam spot in the 
horizontal setting is higher than the moving speed of the 
light beam from Ll to LO in the vertical setting. 

In this seventh embodiment of the invention, in order 
to achieve a stable focus Jumping by canceling this 
<^i^^^3renc6, when the light beam spot moves from the top to 
the bottom of the disk ( Ll LO ) , the poalc value or the time 
interval of the accelerating pulse AOV in the vertical 
se-tting or the accelerating pulse AOH in the horizontal 
setting is changed. 
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More specifically, -the paroduc-fc o£ -tn© p^ak value anci 
the time interval of tlie accelerating pulse AOH in tlie 
horizontal setting wlien tlie liglit beam spot (focusing lens) 
moves aownwar-d ( LI -s- ) is sot at a value smaller thian thiet 
product of tne, peak value and the time interval of the 
accelerating pulse AOV in the vertical setting when the 
light beam spot moves (the product is the same for LO -* LI 
and LI -+ LO ) . 

O Alternatively, the time interval of the accelerating 

^ pulse is fixed for both the horizontal setting and the 
Ei vertical setting, and only the peak value of the 

accelerating pulse may be changed* More specifically, the 
^ peak value of tbe accelerating puis© AOH in the horizontal 

setting when tne light beam spot moves downward (LI LO ) is 
fy set at a value larger than the peak value of the 
%n accelerating puilse AOV in the vex-tical setting when the * 

light beam spot moves (the peak wave is the sams for LO LI 
and LI -♦'LO). Or, the peak value of the accelerating pulse 
is fixed for both the horizontal setting and the vertical 
setting, and only the time interval of the accelerating 
pulse may be changed. That is, the time interval of the 
accelerating pulse AOH in the horizontal setting when the 
light beam spot moves downward (LI ^ LO) is set at a value 
larger than the time interval of the accelerating pulse AOV 
in the vertical setting when the light beam spot moves. 



1 
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Xi\ plaoe o£ -fciio aGcele2ra.t:±iig pulse, •fclne <aecelex-a-txng 
pulse may l^e ctiangeci- Tliai:: is, -the product: of "the peak 
value and the t;±me xn-terval of -ttie deceler-a-ting pulse BOH in 
■btie tLoari^on-tal se-fc-tingr wtien -tKe lighi: Joeatn spo-fc moves 
downwax-d ( LI LO ) xs set; ai;: a value smallei: "ttian -tl^e 
product: of t:he peak value and the time interval of ttie 
deceler-a-ting pulse BOV in the veatrtical setting when the 
lighr heam spot moves ( the product is the same for LO LI 
and X»l LO ) • 

Alternatively, the time interval of the decelerating 
pulse is fixed for hoth the horizontal setting and the 
vertical setting, and only the peak value of the 
decelerating pulse may be changed- That is, the peak value 
of the decelerating pulse BOH in the horizontal setting when 
the light beam spot moves downward {LI LO ) is set at a 
value smaller than the peak value of the decelearating pulse 
BOV ±n the vex-txcal setting when the light beam spot moves 
(the peaJi wave is the same for LO Ll and Ll ^ LO ) , Or, 
the p^al< value o£ the deceloocating pulso is fixed fo:r both 
the hoiri2Sontal setting and the vertical setting, and only 
the time interval of the decelerating pulse may be changed - 
That is, the time interval of the decelearating pulse BOH in 
the horizontal setting when the light beam spot moves 
downward ( Ll -> LO } is set at a value smaller than the time 
interval of the decelerating pulse BOV in the vertical 
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se'fc't±ng wKen "t^ie ligKt: beam spot: moves . 

xn -tHe focus lead-in metrhod mentioned above, at the 
starting or restarting of tbe apparatus, the focus lead-in 
is p&r-formed first on tH© second layer L.1 of the duol-layer 
dislc, that is,, the information face farthest from the source 
of the light beam (focusing l^ns ) • So, when this layer is 
regarded as an initial reference, the first focus jumping 
direcrion at the starting of the apparatus is decided- More 
specifically, the direction in which the focus is led in 
^^^^'^ and moved by the fii-st focus jumping is always the 
direction towax-d the first LO layer of the dual-layer disk, 
i.e., toward the source of the laser beam. However, when 
the information face where the focus of the light beam is 
led in first is not a correctly detected face or when the 
focus of the light beam, which is led in a target 
infoarmation face, is undesirably jumped to anotber 
information face by accident, such as a shoclc from the 
outside, since there is no more information face in the 
prescribed focus jumping direction in the dual-layer disk: as 
described above, tbe focus control ends in a failure. In 
this case, however, the focus of the light beam can be 
returned to the information face by restarting the 
apparatus- In case of a multiple-layer dis3<, the focus of 
the light beam can be moved in both directions by the focus 
jumping through it depends on the position of the 
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dLn forma. ^±01^ £a.c^ wKox-e. "fcho fooxis is letti in.. Af-tei- th^e £ocus 
Jumping, rracicing is led in, and address in£o3rma-tion on -thie 
•fcirack is iread- Or, -the focus of "tti^ ligli-t beam is moved -to 
a prescribed information -traok, and layer inf orma^tion on -tbe 
track is read^. v/Kereby it is confirmed tbat the present 
position is incorrect. Therefore, by performing th& 
restarting of the apparatus or the correction jumping with 
the address information, the focus of the light beam can be 
returned to a prescribed information face. 

Furthermore, the number of the information face, which 
is now subjected to the focus control, may be stored in the 
state where the address has been read. In this case, even 
when the focus control fails or the focus of the light beam 
is led m another information face due to vibration or 
shock, the focus can be returned to the information face 
which has been under reproducing or recording- 
n Embodiment 8] 

A description is given of an optical disk apparatus 
according to an eighth embodiment of the invention. 

The optical disk apparatus according to this eighth 
embodiment cancels defocus during seeking and realizes 
stable seeking. Figure 13 is a block diagram illustrating a 
part of the optical disk apparatus for the peak hold 
processing of the FE signal and the focus control in the DSP 
122. Figure 14 is a cross— sectional view illustrating the 
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posx-tionaX x-ela-tlonsiiip betiween -tKs focusing lens 105 , -fcttei 
IJLgti-t beam X07a, and iiJne disK lOl foir explain±ng tlie 
seeking process. Figure 15 illustra-te waveforms of F+ and 
F- signals t>ef oro and after peak hold, respectiively, and 
waveforms of ^n feenv signal and an FE signal which are 
difference signals of "the F-f- and F- signals, and an FE 
s i gnal , when s eek ing i s executed i n -the arrow d i r ect i on A - 
Figure 16 is a block diagram illus-trating -the FE detec-fcing 
part using the astigmatic method. 

Beeauee of earxrors in adjustment of optical elements, 
such as rhe photodetector 113, track cross modulation signal 
levels of the F-h and F- signals vary. Therefore, as shown 
in figure 15, the FE signal, which is a difference signal of 
the F+ and F- signals, is adversely affected by the track 
cross, resulting in defocusing- Therefore, since a 
disturbance caused by the tracJ< cross is mixed during 
seeking, defociasing occurs, whereby the amplitude of the Te 
signal i's reduced or the S/N ratio is degraded. As a 
result, counting of the TE signal for detecting the position 
of the light beam in the track direction becomes impossible. 
Further, when the defocus is increases, focus skipping 
occxirs, so that the focus cannot move to a target track* 

As shown in figure 1, the F+ and F- signals, which are 
obtained from the photodetector 113 through the 

preamplifiers 114 and 115, are subjected to peak hold by the 



peak: Holc3 ©±^^^±-1:3 X25a an<ai X25£>, -tJia-b xs, upper sxde pealcs 
(pe^l^s on T:lie mix-ror- side of -fclie d±s3<: lOl ) o£ -these signals 
aire txeld, wlieiretjy signals F+PH axid F-PH, which aire not: 
advex-sely affeotod hjy -the -tirack oross dux-ing seeking, ax*e 
geneira-ted as s,own in figure 15* The FEEKV signal is 
olDtained by measuiring a difference he-tween -these signals 
F+PH and F-PH. 

This FEENV Signal is put in -the gain changeable modue 
127, wherein an op-timum gain ( amplit:ude ) is set for the 
FEENV signal. Then, the FEENV signal is sent thorough the 
A/D converter 128 to the DSP 129. Since ordinary focus 
control, focus lead— in, and focus jumping need sufficient 
response, the B-C line of the switch 401 in the DSP 129 is 
turned on, and a process similar to the process described 
for the prior art apparatus is performed- During see>cing, 
since influences by the trac>c cross that appear in the Ft: 
signal only in rhe seeKing must be eliminated, the A-C line 
of the switch 401 is turned on. In this way, the FE signal 
produced by the focus control when an ordinary tracking 
control ±s ON is changed to the P"E signal that is input 
under the focus control during the seeking, whereby 
undesix-ed def ocus caused by the track cross is reduced and 
undesired count error or focus skipping during the seeking 
are avoided. As a result, a stable seeking performance is 
secured . 
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ni©1:lioci is omployed. :foir d-stecting tlie FE signal, o-blieir 
de'teciiion me-tlnods may be employed* However, since tlier-e is 
3L -tendency fox 'fcHe tareck cr-osts -fco inoxease 'tHe influence, 
"Che effect; of Xlie FE det:ect:ion using tlie astigmatic method 
is significant. 

As descx-ibed above, according to tbe eigKthi ©mt>odimeT>t 
of tne invention, when a desiired track is sought by a 
seeking means, the focusing condition detection means is 
constructed so that peak levels of output signals from two 

light responsive parts of the light detecting means are 
detected, and the focusing condition of the light beam 
irradiating the information face is detected from a 
difference of the peak level detected signals. Further; the 
FE signal produced by the focus control when an ordinary 
tracking control is ON is changed to the FK signal that is 
input under the focus control during the seeking, whereby 
undesired defocus caused by the track cross is reduced and 
undesired count error or focus skipping during the seeking 
are avoided. As a result, a stable seeking performance is 
secured * 
[ Embodiment 9 ] 

A d.esoription is given of a decentration learning for a 
multiple-layer disk in an optical disk apparatus according 
to a ninth embodiment of the invention, using figures lO, 
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^5 (a), and. 2.5 (Id), In -tli±s emlDod.inient: , a c3.tjta.l- layer cJisJc is 
employed • 

Figures 25(a) and 25(b) siiow TE signals wl:ien a 
decen-tx-a-tion o£ thxe disk is leaxned and FG signals of -the 
disk mo-tor, and a dec:ent:rat;ion corx-ectiion signal produced in 
-the DSP 129. 

When "ttxe optical disk apparatus is "turned on and the 
dual-layer disk is loaded in the apparatus, the disk motor 
102 is rotated at a prescribed speed (DMON) * Next, the 
semiconductor laser 108 is oscillated. (LDON), and the £ocus 
a± the light beam I07a emitted from the laser 108 is led in 
the second layer JLl of the dual-layer disk. In the state 
where the focus is led in the second layer LI, a sine wave 
shaped track cross signal appears on the TE signal due to a 
decentr ation • 

The FG signal of the disk motor is a pulse signal " 
having a prescribed pulse number for one rotation according 
to the rotation of the motor. In the figure^ the pulse 
number is ten* Therefore, in order to count the pulse 
number of the TE signal for one rotation of the motor (FGIO 
pulse), the DSP 129 produces a one rotation 1 pulse that is 
obtained by dividing the FGIO pulse, and detects the O cross 
of the TE signal during the 1 pulse and counts the frequency 
of the O cross, whereby a decentration of the disk is 
measured . 
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JLnf oirina-tiori face LX is compXe-te<i, -ttie DSP X29 stroaros -dJie 
inf oxma-tXorL of ttie <aeoerii:r"a.t:ion D£X at "ttie xnf oxTnatiion face 
LX in -bhie decerL-taratrion memoary 306 . Thereafter-, tl-ie f ocuis of 
tlie Xicflit: beam is movecl to tlio inf ormatiori. face LO by the 
focus 3 lamping mentioned above. 

On the infozrmation face LO, as dLescr-ihed above, the 
tracliing controX is turnea off and the focus controX is 
turned on* Then^ from the sine wave shaped tracJc oaross 
signaX shown in figuare 25(b), the DSP X29 detects the pulse 
numJbei: of the TE signaX during one rotation of the motor 
(FGiO puXse) by, for example, counting the frequency of the 
O cross, whereby the deoentration of the disk is measured. 
After the measurement of the deoentration on the information 
face LO, the DSP 129 stores the information of the 
decentration at the information face LO in the deoentration 
memoiry 309, 

After the storage of the decentrations of the 
information faces LI and DO in the decentration memory 309, 
the DSP 129 generates a sine wave shaped correction signal 
that is synchronized with the FG slgnaX of the motor and 
with the FG divided one rotation signaX, referring the 
decentration of the information face on which the light beam 
is now controXXed. Then, the DSP 129 input this correction 
SignaX through the composition circuit 304 to the tracking 
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increased- Tliex-ef ore, ±n exttxer case wHeare trtie focus of tJie 
ligl-it: be&m moves fx-om LO to LI or* £roin Hil "to LO in -tHe 
dual -layer disk, wlierx -tlie focus jijunping is per-fozrmed -to a 
target: inf or-mat:ion face, a "tracking servo system leaving a 
good response to the decentration can t>e constructed by 
changing the stored decentration information used vzhen the 
correction signal is generated. 

By the way, a variety of. methods for measuring and 
correcting the decentration have been proposed, and this 
ninth embodiment of the invention is not restricted by the 
method mentioned above . 

As described above, according to the ninth embodiment 
Of the invention, decentration signals corresponding to^ 
decentrations of tracks on the first informa-tion face and 
the second information face are stored and, when the focus 
jumping is conducted to a target information face, the 
decentr action signal corresponding to the target information 
face is added to an output of a tracking servo system, 

Therefor'e, when the focus Jumping is cuiiducL^d betwetrn — trite-- — 

two information faces of the dual-layer disk, by changing 
the stored decentration information for generating 
correction signals for the focus Jumping, according to tbe 
target information face, the decentration f ollowability of 
each infoimation fa<::e is improved^ whereby a tracking searvo 
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system leaving a good response -fco irlie dGcontration can Id© 

const:iruct:e<a . 

Z Embodiment: 10] 

A de^scaription is given of a -baracking control gain 
learning for* a multiple-layer- disk in an optical disk 
apparatus accox-ding to a tentl\ embodiment of tlie invention, 
using figure 26. in tKis tenth embodiment, a dual-^layear 
disk: is employed . 

Figux-e 26 is a block diagram illustrating tbe inner 
structure o£ the DSP 129 for explaining a tracking servo 
system and a gain leaning section according to the tenth 
embodiment of the present invention. 

Whan the optical disk apparatus is -fcvirr\ed on and the 
dual-layer disk is loaded in the apparatus, the disk motor 
102 is rotated at a prescribed speed (DMON) . Next, the 
semiconductor laser 108 is oscillated (LDOM), and the focus 
of the light beam 107a emitted from the laser 108 is led in 
the second layer Li of the dual-layer disk. Thereafter, the 
tracking servo system is turned on, and the tracking control 
gain leaiming is started. 

The gain measuring part 311 in the DSP 129 applies a 
disturbance A of a frequency in th© vicinity of the gain 
crossover frequency to the tracking servo system, and 
receives a tracking error signal TE (signal at the input 
node of the phase compensator) and a signal that has made a 
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3roun<i of tx-ackxng soarvo loop ( oii-bput signal from -fciie 

swi-bcK 301) af-ter -the applxcatxon of tlie <3list:u3rl3ance A. 
Tiieo^ t:he gain meas^iring pairi: 311 caleulates an open- loop 

to a d^si2re<i 1;3racik:ingr gain from thko oalcula-fcad preseni: gain, 
and sends a signal corresponding -to -the coarjrec-fcion value 
■tKrougii -fcKe swit:oh 312a "to trhe gain claang^alDl© modue 303, 
wl^eretjy tilne present -tracKing gain is cHanged to the desired 
tracking gain^ 

In case of the dual -layer disk, a correction value to a 
desired tracking gain is calculated from the present gain 
measured for the informa-fcion face LI, and a switch value 
corresponding to the correction value is applied through the 
switch 312a to the gain changeable modue 303 and, 
simultaneously/ the switch value is stored in the gain 
storage part 312. 

When the measurement of the gain at the information 
face 111 'and the storage of the switch value are cottiple-fced^ 

the focus of the light beam is moved to the information face 
I#0 by the above-mentioned focus Jumping. 

In a similar process as mentioned above, an correction 
value to a desired tracking gain is calculated from the 
present gain measured for the information face r.O, and a 
switch value corresponding to the correction value is input 
to the gain changeable modue 312, whereby the present gain 
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±s cHangecl "to t:h.e dLeaxxed ga±n. Si.ni\xl.t:aLi\eo\isly^ "tl^e switroJi 
value ±s stored ±n the gain storage part 312* 

A£tfer th^ corirection values of tlie tracking control 
gains ax:^ calcvilated for the information faces LI and T^O , 
the gain storage part 312 stores the changed values of the 
gain changeable modue 303 ^ which are the correction values 
of the tracking control gains for the information faces LO 
and 111, Then^ the DSP 129 sends the gain switch value 
stored in the gain storage part 312 and corresponding to the 
information face on which the light beam is now controlled 
to the gain changeable modue 312 through the switch 312a, so 
that an optimum tracking gain is set for the information 
face. Therefore, in either case whore the focus of th© 
light beam moves from LO to LI or from LI to LO in the dual- 
layer disk, when the focus jumping is performed, according 
to the target information face, the tracking gain is learned 
and the tracking gain is changed to an optimum value for the 
information face, whereby a stable tracking servo system can 
be constructed for either information face* 

In 'this tenth embodiment of the invention, the loop 
gain is obtained by applying a disturbance and detecting the 
loop transfer signal of the disturbance* However, the 
method of measuring the gain is not restricted thereto. 

As described above, according to the tenth embodiment 
of the present invention, in the dual— layer disk, wb.en tbe 
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focus of Xi0li-t t^eam moves fr-om one inf ortTiaLl:4.on face to 
otKer' Inf oxtnatrion £ace^ the tracking ga±n is lear-neci at tl\e 
previous focus jumping, and ttie tracking gain at tlie present 
focus Jxxmping ±s chia.nge<i to an optimum value foac* tKo target 
xnformatxon face. Therefore, a stat>le traclcing servo system 
can be constructed for either information face- 
CEmhodiment 11] 

A description is given of a focus control gain learning 
for a multiple-layer disk in an optical disk apparatus 
according to an eleventh embodiment of the invention, using 
figure 27* Xn this embodiment, a dual-layer disk is 
employed . 

Figure 2*7 is a block diagram illustrating the inner 
structure o£ the DSP 129 for explaining a focus servo system 
and a gain leaning section according to the eleventh 
embodiment of the present invention* ' 

When the optical disk apparatus is turned on and the 
dual — lay^jc dislc is loa.ded in tho apparatus^ tVie dif^l^ motrt-r 

semiconductor laser loa is oscillated (LDON)^ and the focus 
of the light beam 107a emitted from the laser 108 is led in 
tha second layer LI of the dual— layer disk. Tbereafter, the 
focus servo system is turned on, and the focus control gain 
learning is started . 

Tha gain measuring pax-t 211 in the DSP 129 applies a 
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ais-tux-bance B of a f^r^quemcry in tUe vicxni-fcy of tlie gain 
Gx-ossoveir frequency to the focus searvo system, and receives 
a focus erx-or- signal FE (signal at tlie input node of tlie 
ptiase compensator- 202) and a signal that has made a round of 
the focus seirvo loop (output signal from the switch 201) 
after the application of the disturbance Then, the gain 

measuring part 211 calculates an open- loop gain from the two 
signals, calculates a correction value to a desired focus 
gain from the calculated present gain^ and sends a signal 
corresponding to the correction value through the switch 
212a to the gain changeable modue 203, whereby the present 
focus gain is changed to the desired focus gain- 

In case of the dual-layer disk, a correction value to a 
desired focus gain is calculated from the present gain 
measured for the infoirmation face LI, and a switch value 
corresponding to the correction value is applied through the 
switch 212a to the gain changeable modue 203 and, 
simultaneously, the switch value is stored in the gain 
storage part 212- 

Wheri the measurement of the gain at the information 
face LI and the storage of the switch value are completed, 
the focus of the light beam is moved to the information face 
LO by tbe above-mentioned focus Jumping. 

In a similar process as mentioned above, an correction 

r 

value to a desired focus gain is calculated from the present 
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gain inea.sux'&d. fox- "thxe i.nf oirma'tion £ace liO/ and. a sw±t:ol\ 
value cor-x-esponding t:o the correction value is input to tJie 
gain changeable modue 202 through the switch 212a, whereby 
•the present gain is changed to the desired gain. 
Simultaneously, the switch value is stored in the gain 
storage part 212 . 

After the correction values of the focus control gains 
are once calculated for the information faces LI and LsO , t:he 
gain storage part 212 stores the changed values of the gain 
changeable modue 203 , which are the correction values of the 
focus control gains for the information faces LO and LI . 
Then, the DSP 129 sends the gain switch value stored in the 
gain storage part 212 and coi-x-esp ending to the information 
face on which the light beam is now controlled to the gain 
changeable modue 212 through the switch 212a, so that an 
optimum focus gain is set for the information face. 
Therefore, in either case where the focus of the light: beam 
moves from LO to LI or from LI to LO in the dual-layer disk, 
when the focus Jumping is performed, according to the target 
information face, -the focus gain is learned and the focus 
gain is changed to an optimum value for the information 
face, whereby a stable focu^ servo system can be constructed 
for either information face . 

In this eleventh embodiment of the invention, the loop 
gain is obtained by applying a disturbance and detecting the 
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loop -tx-ansfor- s±gn.aX of "the <ii.s't:u3rlD&r\oe * How^very the 
metliod of measuring -the gain is not: restricted tKereto, 

As described above, according to the eleventh 
embodiment o£ the present invention, in the dual-layer disk, 
when the focus, of light beam moves from one information face 
to the other information face, the focus gain is learned at 
the previous focus jumping, and the focus gain at the 
present focus jumping is changed to an optimvim value for the 
target infoarmation face- Therefore, a stable focus servo 
system can be constructed for either information face. 
[Embodiment 12] 

A description is given of a focus control offset 
learning for a multiple- layer disic in an optical disl<: 
apparatus, according to a twelfth embodiment of the present 
invention^ using figure 28. In thif? e^Tnbodiment , a dual- 
layer* disJc is employed. 

Figure 28 is a block diagram illustrating the inner 
structure of the DSP 129 for explaining a focus servo system 
and an offset leaning section aocox-ding to the twelfth 
embodiment of the pr-esent invention. 

When the optical disk apparatus is turned on and the 
dual-layer disk is loaded in the apparatus, the disk motor 
102 is rotated at a prescribed speed (DMON) * Next, the 
semiconductor laser 108 is oscillated (LDON), and the focus 
of the light beam 107a emitted from the laser 108 is led in 
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-tlie second layer LI o£ -fcKe clual-layear d±sk, TKoxeaf-tor, the 
focus servo sys-fcem ±s -tumeci on^ anci tiie foous contx-ol 
o££sei:: JLea3rn±ng is strar-ted. 

An RFENV signal, wliich is ol3t:a.ined by envelope 

de1:ect:ion of the RF signal, is input to the DSP 129. The 
DSP 129 measuares the amplitude o£ the RFENV signal by the 
focus position seeking part 213 and applies a signal so that 
the amplitrude a-ntains a maximum value through the switch 
214a to the composition circuit 204, whereby the focus 
offset is corrected . 

in case of the dual-layer disl€, on the information face 
LI, the RFENV signal is measured while shifting the focus 
position by applying a signal to the composition circuit 
20-4, and a focus position at which the RFHNV signal attains 
a maximum value is sought by the focus position seelcing part 
213, whereby the offset correction value is obtained* Then, 
the obtained focus offset correction value is input to tbe 
composition circuit 204 through the switch 214a to correct 
the focus offset and, simultaneously, the focus offset 
correction value is stored in the focus offset storage part 
214. 

When the seeking of the focus offset for the 
infoxroation face LI and the storage of the offset correction 
value are completed, the focus of the light beam is moved to 
the information face LO by the above-mentioned focus 
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jumping * 

In a s±m±Xar process as men'bioned above, an focus 
o£fse"t correcbion value is caloulatred from a focus position 
sought: fo2r tKo inf oarma-fcion face UO ^ and "tllis focus offse-fc 
coirx-ection value is input to -tKe composition cir-ouit 204 
tl\i*ougK tlie switch 214a to correct the focus position and, 
simultaneousiy, the focus offset corarection value is stored 
in the focus offset storage part 214. 

After the focus offset correction values are once 
sought for the information faces LI and LO, the focus offset 
storage part 214 stores the focus control offset correction 
values for the information faces DO and LI* When the focus 
control is performed^ the DSP 129 reads the offset 
<^o3rar«iO-ti^ri vcalx^xs: oc/^ j- «:^i=sttoiiCliiiy Co inrormaxion race on 

which the light beam is now controlled from the storage part 
214, and sends the offset coa^rection value through the 
switch 214a to the composition circuit 204 so that an 
appropriate offset correction for the information face is 
performed, wherehy the light beam is focused on a coxrect 
position 'of the information face. 

Therefore, in either case where the focus of the light 
beam moves from LO to LI oar farom LI to LO in. the dual- layer 
dislc, "When the focus jumping is performed, according to the 
target information face^ the focus offset is learned, and 
the focus offset value is changed to an optimum value for 
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th© ±nfonmai=±onL JFace^ Thear^foar^, for- ^itzKer irLforma-tion 
face, a s-babl^ focus con-tarol performance can be secured and 
-fclie margin of -the reproduced signal can be increased. 

In -tbis -twslf -tb embodiment of tbe invention^ tb© focus 
offset: for eacb of -tbe inf orma*tion faces LO and LI is 
learned and correc-ted a-b a position where the RFENV signal 
attains a maximum value. However, an intermediate point 
between two points wbere the amplitudes of tbe RFENV signal 
are tbe same may be sougbt because tbe focus position wbere 
tbe RFKNV signal attains a maximum value is supposed to be 
tbe intermediate point between tbe two points. 

Furtberraore, as a signal for detecting tbe focus 
offset^ in place of tbe RFENV signal, tbe TE. signal, tbe 
J^"t"t^2r signal of tbe reproduced signal, tbe C/N of tbe 
reproduced signal, tbe number of data errors, or tbe error 
rate may i^e employed. Tbat is, tbis twelftb embodiment ^of 
tbe invention is not restricted by tbe offset detection 
metbod witb tbe RFENV signal. 

As described above, according to the twelftb embodiment 
of tbe invention, wben focus Jumping is performed in tbe 
dual-layer disk, a focus control offset correction value 
corresponding to a desired target position of tbe focus 
control means on eacb of tbe first information face and tbe 
second information face of tbe disk is stored in tbe focus 
position storage means and, when focus Jumping ±s performed 



-fchlis t:±me, -tlie -target positiort o:^ tlio focus con-fcarol means is 
changed to an optimum valu^ for tlae target information face. 
Tlieref ore^ a stable focus servo system can be constructed 
for either information face* 
[ Embodiment 13 ] 

A description is given of a tracking control offset 
learning for a multiple- layer disk in an optical disk 
apparatus according to a thirteenth embodiment of the 
present invention, using figure 29. In this embodiment, a 
dual-layer disk is employed . 

Figure 29 is a block diagram illustrating the inner 
structure of the DSP 129 for explaining a tracking servo 
system and an offset leaning section according to the 
thirteenth embodiment of the present invention- 

When the optical disk apparatus is turned on and the 
dual-layer disk is loaded in the appax-atus^ the disk motor 

102 is irotated at a prescr-ibed speed (DMON). Next^ the 
semiconductor laser 108 is oscillated (LDON), and the focus 
of the light beam 107a emitted from the laser 108 is led in 
the second layer 1.1 of the dual -layer disk. Thereafter, the 
tracking control offset learning is started. 

In the state V7he:re the focus is led in, a sine wave 
shaped track cross signal as shown in figure 25(a) appears 
on the TE signal due to a decentration, 

A tracking offset corrector 313 samples the since wave 
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shapec^ TE signal, detects a maximum value and a minimum 
value, and calculates a tracking offset from a difference 
between tliese values* Altearnatively , th.e tracking offset 
may t>e obtained by an integration of the sampled TE value . 
Tt\e tracking offset corrector 313 calculates a correction 
value to be applied to the composition circuit 304 from the 
calculated offset. The tracking offset corarector 313 stores 
the correction value in the RAM within the tracking offset 
corrector 313 and corrects the tracking offset input to the 
composition circuit 304 - 

When the measurement of the tracking offset and the 
storage of the correction value for the information face LI 
are completed, the focus of the light beam is moved to the 
information face LO by the above-mentioned focus Jumping . 

On the information face LO, as described above, the 
tracking control is turned off and the focus control is; 
turned on- Then, the tracking offset is measured by 
detecting a maximum value and a minimum value of the sine 
wave shaped tracking cross signal shown in figure 25(a) or 
by integrating the track cross signal* After the offset 
measurement for the information face LO is completed, an 
offset correction value for the information face IjO is 
stored in another KAM in the tracking offset corrector 313- 

After the storage of the tracking offset correction 
values of the information faces LI and LO in the RAMs, the 



1 



- 113 - 



•ti-acJclng offse-t cox-arec-toar 313 in thie DSP 129 selects tKe 
offset corx-ection value of the inf ormatrion face on wh±ch t:ho 
l±gh.-t beam is now con"tx*olled. Tlixs offset: cor-xection value 
is input: t:o 1:be compositiion ciarcuit: 304,, wlrieirsby "tl^te 
-tracjlcing offset: i3 correoted. 

Tliearef or-e^ in eit:ber' oase wbex-e t:be focus of tbe liglil: 
beam moves fxom LO tio LI or fr^om 1-1 t:o X.O in t:Ke dual-layeir 
disk, wben tibe foous Jumping is performed to a target; 
information face, a focus offset correction value 
corresponding to t>ie target information face is set, wbereby 
tbe offset of the tracking servo system can be always 

eliminated, resulting in a stable tracking servo system. 

« 

By tne way^ a variety of methods have been proposed for 
the measurement and correction of the offset, and this 
thirteenth embodiment of the invention is not restricted by 
the method mentioned above. 

As described above, according to the thirteenth 
embodimefxt of the present invention, when focus Jumping is 
performed in the dual- layer disk, a tracking offset 
correction value corresponding to a desired target position 
of the tracking control means on each of the first 
information face and the second information face of the disk 
is stored in the tracking position storage means and, when 
focus Jumping is performed this time, the target position of 
the tracking control means is changed to an optimum value 
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fo37 ttie "targe-t ±nf orma-tlon. face, Tl\er*^f ox-e, a stable 
•cracl^lng seirvo sys-fcem can cons-tructed £or a±-t:h&r- 
xnf orrnatlon face- 
C EiaboddLmeri-t 14] 

A fiescariptriori is given of a "tx-acking control offset 
learning for- a multiple-layer disk in an optical disk 
apps^^ratus according to a f o-uartoentli embodiment of tbe 
present invention, using figure 24. In tbis embodiment, a 
dual-layer disk is employed. 

Figure 24 is a block diagram illustrating the inner 
structure of tbe DSP 129 for explaining a pbase difference 
tracking servo system and a section for correcting an offset 
due to tbe pbase difference (hereinafter referred to as a 
pbase difference offset) according to tbe fourteenth 
embodimer^t nf th^ r*-n*:x.c;«:M*i-j- -i nxr^aTi-fc-ion . 

Tnixtziix uiit- oijuicifcia. tiJLsic a^ppairax:us is rurnea on. ano -cne 
aual- layer dLisk: is loade^ti ±n the eipparatus , the clisK luoUux- 
102 is rotated at a prescribed speed (DMON) . Next, tbe 
semiconductor laser 108 is oscillated (LDON), and tbe focus 
of tbe light beam 107a emitted from tbe laser 108 is led in 
tbe second layer Iil of tbe dual-layer disk. Xn tbe state 
where the focus is led in, a sine wave shaped track cross 
signal as shown in figure 25(a) appears on tbe TE signal due 
to a decentration. 

In the DSP 129, the lens shifter 310 applies a signal 
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to "fcti^ compos i-tiori circoi-t 304 and gives an offset "to tlie 
t:3rack±ng act:ua-toi: 103 by compulsorily flowing curran-t in -fclne 
ac-tuator- 103, whiereby "tbe focusing lens 105 is sbif-fced by 
abou-t 4-300 pm. In -fcbe s-fca-fce where the lens 105 is shifted, 
the symme-tiy detector 318 samples the sine wave shaped TE 
signal ^ detects a maxiiniam value and a minimum value of the 
TE signal, and calculates a symitietxy Voff-*- of tr-acKing on 
the positive side of the lens shift • Alternatively, this 
symmetry may be obtained by Integrating the sampled TE 
value - 

Next, the polarity of the output signal from the lens 
shifter 317 is changed so that the lens 105 is sifted by 
about — 300 pjftv. In this state, the symmetry detector 318 
samples the sine wave shaped TE signal, detects a maximum 
value and a ralnimiam value of the TE signal, and calculates a 
symmetry Voff- of tracJcing on the negative side of the I'ens 
shift. Alternatively, this symmetry may be obtained by 
integrating the sampled TE value- 

Then, the variable delay elements 315 and 316 vary the 
delay (or lead) Pdl so that the difference of the positive 
and negative lens-shift offsets attains a minimum value* 

When, ths s^ktting of the delay of the variable delay 
elements 315 and 316, which delay is a correction value of 
the phase difference offset of the phase difference tracking 
on the information face LI, and the storage of the set value 
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i.n "tlie plias& dxf f e^rexice correo-tion value st:o3ra.ge pairt: 319 
aL2re comple-fce<3, -fch^ focus of -tlie Ixgnt: beam is movea -to -the 
inf orma-tlon face LO by -the above -mentiioned focus jumping. 

On -tbe inf oxma-tion face LO, -bbo -tx-aoking con-tarol is 
•turned off and -tlie focus con-tirol is -tuirned on, an op-timum 
delay PdO foi: correcting -tbe phase difference offset is 
obtained . 

When the delays (or leads) Pdl and PdO of the variable 
delay elements 315 and 316 for the information faces LI and 
LO, respectively, are obtained, output velues for setting 
the delays are input to the phase difference correction 
value storage part 319 . 

After the phase difference correction value storage 
part 319 once stores the set values Pdl and FdO for 
correcting the phase difference offset of the phase 
difference tracking, the IDSP 129 selects a delay 
corresponding to the information face on which the light 
beam is now controlled, and sends this delay through the 
switch 319a to the variable delay circuits 315 and 316. 

Therefore, in either case where the focus of the light 
beam moves from LO to LI or from LI to LO in the dual- layer 
disk, when the focus J tamping is performed to a target 
information face, the delay (Pdl or PdO) of the variable 
delay circuits 315 and 316 corresponding to the target 
information face is set, the offset of the tracking servo 
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sys-tem wben -the lens 105 i.3 3hi.f1:eci ca-n be a^lways 
el±in±nat:ed, xasvil-txrig ±n a staLlDle tr-acklng servo system. 

By -th.© way, a variety of meiiKocis liave been proposed for* 
-tine measurement: and. Gox-irec'txon o£ tbe Q££set:, and "ttiis 
f our-teen-tti eml:^odimen-fc of -tlie Invention is not r-estrlcted by 

* 

tbe method mentioned above* 

As described above, aoooarding to tbe fourteentb 
embodiment of tlie present invention, a phase difference 
track error signal corresponding to the positional 
relationship between the focal point of the light beam and 
the track on each information face is produced on the basis 
of the phase relationship of signals output from respective 
light responsive parts of the liaht deteotincr means which 
receives a reflected light from the recording medium. The 
tracking control means controls the tracking by driving the 
light beam moving means according to an output signal from 
the phase diffex-ence track ex-irox* detecting means. Delays or 
leads of signals output from the respective light responsive 
parts of the light detecting means, which delays ox- leads 
provide desired values for output signals from the phase 
difference track error detecting means on the first 
information face and the second information face of the 
recording medium, are stored while performing focus Jumping 
and seeking by the focus jumping means. When focus jumping 
and seeking are actually performed for a target information 
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:£ace^ -tin© dl^Xaiys oar J.oadl:s of "fcK^ 3x0naXs £irom -bKa x-espectxve 
ligli-fc r-esponsive pax-ts of -fchie lighit; de-tectiing means ar*e 
changedL "to -the pliase ofj^set signal tliat: Is read oul: from -fche 
piiase offset st:o3ra.g<a meane arL<3. ooi:3re.apori.<53 "to -tKe -b^x'ge-t 
inf ozruia-tion f^ce. Thereifore, in -thie dual-layer disk, when 
focus Jumping is performed bet:ween izlxe- -two informat:ion 
faces, since tHe focus offse^t correction value corresponding 
-co "t^e -target information face is set, the offset in the 
tracking servo system can be always elimina'ted, whereby a 
stable tracking servo system can be constarvicted . 
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1* An opt:±cal disk apparatus comprising: 

a focusing means iCor focusing a light beam on a 
arecor^iing medium Having flarst and second inf oarma-fcion fac^s; 

a. moving means f oar moving a focal point: of tine 
ligh.1: i>eam focused by "tlie focusing means in a direction 
subs t ant lally p^r-p^ndiculax- to tb.^ information faces of the 
recording medium; 

a light de-teoting m&eins f o^c detecting el Drciflciat^d 
light of the focused light beam from the recording medium; 

a focus condition detecting means for detecting a 
focus condition of the light beam iarradiating the 
information faces on tHe basis of an output signal f arom the 
light detecting means ; 

a focus control means for driving the moving means 
on the basis of an output: signal f arom the focus condition 
detecting means, and controlling t:he light beam so t;hat the 
focus condition of the light beam becomes a prescribed focus 
condition; and 

a focus Jumping means for moving t:he focal point of 
the light beam from the first information face to the second 
infoarmation face by dariving the moving means; 

said focus Jumping means comprising; 

an accelerating means for moving the focal 
point of the light beam from the first information face to 
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*tlie second. ±nf ox*Tna1::±on £ace; 

a -timing signaX gener-a-cing means for- 
generating a -txinxng signal -tliat: opera-bes -fche focus con-fcroX 
means on -tlio basis of an ou-tpu-t signaX f arom the focus 
condition detecting means; and 

a decelerating means for- decelerating the 
moving speed of the focal point of the light heam in 
response to a signal from the timing signal generating 
means - 

2. An optical disl« apparatus comprising: 

a focusing means for focusing a light beam on a 

recording medium having first and second information faces; 

a moving means for moving a focal point of the^ 

light beam focused by the focusing means in a direction 

substantially perpendicular to the information faces of* the 

recording medium; 

a light detecting means for detecting a reflected 
light of the focused light beam from the recording medium; 

a focus condition detecting means for detecting a 
-rr^mjfzi c^.r^nri^-tz-ic^n o:f: the liaht beam irradiating the 
information faces on the basis of an output signal from the 
light detecting means ; 

a focus control means for driving the moving means 
on the basis of an output signal from the focus condition 
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eet:etot:±ng me^ans, ana coniiirolling tHe Ixgtit beam so ttiai: the 
focus concai-tion of the light t^eam t>ec:om^s a paresoarihed foG\JS 

condition; and 

a focus jumping means f ozr moving the focal point of 
the light beam . from the fir-st information face to the second 
information face by driving the moving means; 

3aid focus Jumping means comprising; 

an accelerating means for generating an 
accelerating signal for moving the £ocal point of the light 
beam from one of the first and second information faces of 
the recording medium to the other information face; and 

a decelerating means for decelerating the 
moving speed of the focal point of the light beam; 

wherein, when the recording medium is set 
horizontally, a product of a peak value and a time interval 
of the accelerating signal when the focal point of the JLight 
beam is moved from the lower information face to the upper 
information face is larger than a product of a peak value 
and a time interval of the accelerating signal when the 
focal point of the light beam is moved from the upper 
information face to the lower information face. 

3 . The apparatus of claim 2 wherein the peak value of 
the accelerating signal when the focal point of the light 
beam is moved from the lower information face to the upper 
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infoXTtiaition faco ±b Xaxgo^r than ttie pealc value of t]:ie 
accelex-a-tirtg signa.X wt^en t:he focal po±n-t of -ttie ligtit: l^aam 
±s moved from ^t\& upper ±rLf oxma-fcion face t:o tine lower 
in£o3nna-t±onL fac^, and ttia time interval of tlie accelerating 
signal is th.e same for tjotti movements. 

4, TKe apparatus of claim 2 wherein tlie time interval 
of tlie accelerating signal when the focal point of thet ligKt 
beam is moved from the lower information face to the upper 
information face is longer than the time interval of the 
accelerating signal wl^en the focal point of the light heam 
is moved from the upper information face to the lower 
information face^ and the peaK value of the accelerating 
signal ±s the same for hoth movements. 

5* An optical dislc apparatus comprising: 

a focusing means for fociising a light heam on a 
recording medium having first and second information faces; 

a moving means for moving a focal point of the 
light heam focused t>y the focusing mearxs in a direction 
substantially perpendicular to the information faces of the 

recording medium; 

a iigli-c cLet:ecting means for detecting a reflected 

Xighi-b of 4=K«. ^rt<^iiadid ligKt beam from the recording medium; 

a focu^ condition detecting means for detecting a 
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focus concLition. of tine IxgHt: beam ixradxating ttie 
irxfox-ma-tion faces on tlie i>as±s of an ou-tpti-t signal fTrom -tne 

light detecting means; 

a focus eontx-ol means for <iar±ving tlT^e moving means 
on the l:>asis op an output signal from the focu© condition 
detecting means, and controlling the light heam so that the 
f ocua condition of the light beam becomes a prescribed focus 

condition; and 

a focus jumping means for moving the focal point of 
the light heam from the first infoormation face to the second 
information face hy driving the moving means; 

said focus jumping means comprising; 

an accelerating means for generating an 
accelerating signal for moving the focal point of ttia light 
beam from one of the first and second information faces of 
-fch© recording medium to the other information face; and 

a decelerating means for generating a 
decelerating signal for decelerating the moving speed of tne 
focal point of the light: beam; 

wherein, wtien tbe recording modium is s^t 
horizontally, a product of a peak value and a time interval 
of the decelerating signal when the focal point of the light 
beam is moved from the lower information face to the upper 
information face is smaller than a product of a peak value 
and a time interval of the decelerating signal when the 
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focal poini: of t:l:ie. l±gli-t beam is moved, from -the upper 
informa-tion face -to trlie low^r informa-tion face. 

6. The appaira-tiis of claim 5 wherein -the peak value of 
t:he dlecelera-ting signal when the focal point of th^ ligKt 
beam is move<3l from the lower information face to the upper 
information face is smaller than "the peak value of the 
decelerating signal when the focal point of -the light beam 
is moved from the upper information face to "the lower 
information face, and the time inter-val of the decelerating 
signal is the same for both movements* 

7 . The apparatus of claim S wherein the time inter-y^al 
of the decelerating signal when the focal point of the flight 
beam is moved from the lower information face to the upper 
information face is shorter than the time interval of the 
decelerating signal when the focal point of the light beam 
is moved from the upper information face to the lower 
information face, and the peak value of the decelerating 
signal is the same for both movements. 

8- An optical disk apparatus comprising: 

a focusing means for focusing a light beam on a 
recording medium having first and second information faces; 

a moving means for moving a focal point of the 
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ligKt beam focus ad toy izlie focusing means in a direc-tion 
substantially pejrpendiculax to the inf oarmation faces of t>ie 

zreco3rding medium; 

a ligKt detecting means fo^r detecting a reflected 
light of the fpcused light t>eam firom the arecoirdlngf medium; 

a foc\JLS condition detecting means fox- detecting a 
focus condition of the light beam irradiating the 
information faces on the basis of an output signal ^rom the 
light detecting means ; 

a focus control means for driving the moving means 
on the basis of an output signal from the focus condition 
detecting means, and controlling the light beam so that the 
focus condition of the light beam becomes a prescribed focus 

condition; and 

a focus jumping means for moving the focal point of 
the light beam from the first information f ape to the second 
information face by' driving the moving means; 

said focus J umping means comprising ; 

an accelerating means for generating an 
accelerating signal for moving the focal point of the light 
beam from one of the first and second information faces of 
the recording medium to the other information face; and 

a decelerating means for decelerating the 
moving speed of the focal point of the light beam; 

wherein a product of a pealc value and a time 
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±ntex-u^aX of tl\& aoceleiratlria s±gnaX for movingf "the focaX 
po±Ti-fc of -fcti© Ixght beam from tne lower- Inf oxroa-tion face -to 
■tlie upper informa-tlon face wtien the recording medium is se-t 
horizon-talXy is Xaargex tHan a product of a peak value and a 
-time interval of tne accelerating signal when the recording 
medium is set vertically. 

9 . The apparatus of claim 8 vzhereiin the peak value of 
the accelerating signal for moving the focal point of the 
light heam from the lowftx- information face to the upper 
information face when the recording medium is sot 
horizontally is larger than the peak value of the 
accelerating signal when the recording medium is set 
vertically, and the time interval of the acceleirating signal 
is the same for both cases. 

10. The apparatus of claim 8 wherein the time interval 
of the accelerating signal for moving the focal point of the 
light beam from the lower information face to the upper 
information face when the recording medium is set 
horizontally is longer than the time interval of the 
accelerating si gnal when the recording medium is set 
vertically, and rhe pealc value of the accelerating signal is 
the same for both cases. 
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11. Arx op-tical disk appairat:us compxising: 

a focusing means :for focusing a ligK-fc beam on a 
recording medium having fixst and second inf oarma-tion faces; 

a moving means for- moving a focal point: of -ttie 
light: beam focused by t:he focusing means in a direo-fcion 
substantially peirpendicular to the infoMiation faces of the 
recoirding medii-im? 

a light detecting means for detecting a areflected 

f=i light of the focused light beam from the recording medium; 
"{i a focus condition detecting means for detecting a 

focus condition of the light beam irradiating the 
O information faces on the basis of an output signal from the 
CJ light detecting means; 

. a focus control means for driving the moving means 
m on the basis of an output signal from the focus condition 

detecting means, and controlling the light beam so that the 

""^^ focus condition of the light beam becomes a prescribed focus 

♦ 

condi t i on ; and 

a focus jumping means for moving the focal point of 
the light beam from the first information face to the second 
information face by driving the moving means; 

said fociis jumping means comprising; 

an accelerating means for generating en 
accelerating signal for moving the focal point of the light 
beam from one o^ the first and second information faces of 
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^hiet r-ecox-aing medium -to -fche o-thezr ±iif orma-t±on face; and 

a decelex-a-ting meains ±arr geiiera.-fc±ng a 
decelera-ting signal fox- decelerat;ing i:he moving speed of rtie 
focal point of the ligtit beam ; 

wtierein a product of a peal^: value and a time 
inter-val of the decelerating signal fox- moving the focal 
point of the light heam from the lower information face to 
the upper inf or-mation face when the recording medium is set 
horizontally is smaller than a product of a peal< value and a 
time interval of the decelerating signal when the recording 
medium is set vertically - 

12, The appax-atus of claim 11 wherein the peak value of 
the decelerating signal for moving the focal point of the 
light beam from the lower information face to the upper 
information face when the recording medium is set 
horizontally is smaller than the peak value of the 
decelerating signal when the recording medium is set 
vertically, and the time interval of the decelerating signal 
is the same for both cases. 

13 , The apparatus of claim 11 wherein the time interval 
of the decelerating signal fox* moving the focal point of the 
light beam from the lower information face to the upper 
information face when the recording medium is set 
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Uox-izorLtally slnorteir tlnan -tlie 1:xine ±n-be3rval of litie 

decelera-fcing signal when -tlie recordxng medium ±s seit 
ver-txcally, and the peak value of the decelerating signal is 
the same for* both cases. 

14. An optical disk apparatus comprising: 

a focusing means for focusing a light beam on a 
recording medium having first and second information faces; 

a moving means for moving a focal point of the 
light beam focused by the focusing means in a direction 
substantially perpendicular to the information faces of the 

recording medium; 

a light detecting means for detecting a reflected 
light of the focused light beam fx-om the reoording medium; 

a focus condition detecting means for detecting a 
focu3 condition of the light beam irradiating the 
information faces on the basis of an output signal from the 

light detecting means; 

a focus control means for driving the moving means 
on the basis of an output signal from the focus condition 
detecting means, and controlling the light beam so that the 
focus condition of the light beam becomes a prescribed focus 

condition; and 

a focus 3\imping means for moving the focal point of 
the light beam from the first information face to the second 
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±nf oarma-fcioxi fac© by deriving t:h.^ mov±ng> means; 

said focus jumping means compxising; 

an accel^r-atiing means fo^r generating an 
accelexa-fcing signal for- moving triie focal point of the light 
beajm fr-om one pf tne first and second, infoxmation faces of 
the recording medium to the other information face; an<a. 

a decelerating means for decelerating tlie 
moving speedl of the focal point of the light heam; 

wherein a product of a peak value and a time 
interval of the accelerating signal for moving the focal 
point of tJie ligtit heam from the upper information face to 
the lower information face when the recording medium is set 
horizontally is smaller than a product of a pealc value and a 
time interval of the accelerating signal when the r©co>rding 
medium is set vertically, 

15, The apparatus of claim 14 wherein the pealc value of 
the accelerating signal for moving the focal point of the 
light heam from the upper information face to the lower 
information face when the recording medium is set 
horizontally is smaller than the peak value of the 
accelerating signal when the recording medium is set 
vertically, an<3 the time intezrval of tlia accelerating signal 
is the same for hoth cases. 
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16, TUe appax-atus o£ claim 14 wheireln -time in-terval 

of -fche acceleratixng signal for moving trhe £ocal point: o£ tli^ 
ligli-t beam fx-om -tKe upp^r- inf orTna-tion face t;o "the loweir 
inf ox-ma-tion face when irlie r-ecording medium is sei: 
Koarizon-tally i^ shor-ter -tlian -the -time irxter-val of the 
acc©ler*a1:in.g signal when the xecoirding medium is se-fc 
var-tically, and the peaJc value of "the accelexating signal ia 
•the same fox hoth casee. 

17 • An optical disk appaaratus; comprising: 

a focusing means fox- focusing a light l^eam on a 

x-ecoxding medium having first and second information faces; 

a moving means for moving a focal point of the 

light beam focused by the focusing means in a direction 

substantially perpendicular to the information faces of the 

recording medium; 

*■ 

a light detecting means for detecting a reflected 
light of the focused light beam from the recording medium; 

a focus condition detecting means for detecting a 
focus cibndition of the light heam ix-radiating the 
information faces on the basis of an output signal from the 

•am 

light detecting means; 

a focus control means for driving th^ moving means 
on the basis of an output signal from the focus condition 
detecting means, and controlling the light beam so that the 
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£o<:^M9 coridii:;ior\ o£ -ttis l±gli-b beam becomes a pirascribea focus 

conditiion; and 

a focus 3Uinp±ng means for moving -the focal point of 
tne ligbt beam from -tba first information face to tbe second 
information face by driving tbe moving means; 

said focuis jumping means comprising; 

an acceXerating means for generating an 
accelerating signai for moving tb© focal point of tbe light 
beam from one of tbe first and second information faces of 
tbe recording medium to tbe otber information face; and 

a deceleraring means for generating a 
decelerating signal for decelerating the moving speed of the 
fooal point of the light beam; 

wherein a product of a peak value and a time 
interval of the decelerating signal for moving the focal 
point of the light beam from the upper information f ace^ to 
the lower information face when the recording medium is set 
horizontally is larger than a product of a peak value anil a 
time in-borvcLl of tho decelerating sianal when the recording 
medium is set vertically - 

18. -pVko ?:\r»r»f^-ri=itus of claim 17 wherein the peak value of 
the decelerating signal for moving the focal point of the 
light beam from the upper information face to the lower 
information face when the recording medium is set 
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horizontally ±s lax-gear tlian -tlie peak value o£ ±ln& 
decelera-fcing signal wlien ttie r-ecor-dix^cf mecaium is sei: 
ve^rtically^ and. -the time inteirval o£ the d-ecelerating signal 
is the same for both cases , 

T 

19, The apparatus of claim 17 wherein the time interval 
of the decelerating signal for moving the focal point of the 
light beam from tue upper information faoe to the lower 
information face when the recording medium is set 
horizontally is longer than the time inteirval of the 
decelerating signal wheii the recoarding medium is set: 
vertically, and the peak value of the decelerating signal is 
the same for both cases, 

20, An optical disk apparatus compirising: 

a focusing means for focusing a light beam on a 
recording medium having first and second information faces; 

a moving means for moving a focal point of the 
light beam focused by the focusing means in a direction 
substantially perpendioulaLi- -to inf ox-ma-tion faces of -th^ 

recording medium; 

a light detecting means for detecting a reflected 
light of the focused light beam from the recording medium; 

a focus control means for detecting a focus 
condition of the light beam irradiating the information 



134 



face^ on -tKe basis of an outpul: signal £r-om tlie light: 
cie'teating means, dri-ving -tKe moving me^ans on tiie iDa^sis o:f 
-the detection signal, and controlling ttie light: heam so -that 
-the focus condition of the light beam becomes a prescaribed 
focus condition; 

a focus Jumping means foor moving the focal point of 
the light beam from the first information face to the second 
information face by driving the moving means; and 

a reflected light amount storage means for storing 
signals corresponding to the amount of reflected light which 
are detected by the light detecting mesms when the focal 
point of the light beam is passed through the first and 
second infoirmation faces by driving the moving means so that 
the light beam goes away from or close to the recording 
medium; 

wherein, when a focus Jumping is performed by the 
focus Jumping means, a gain of the focus control means is 
changed* according to the values stored in the reflected 
light amount storage means. 

21. The apparatus of claim 20 wherein, when the focus 
Jumping is performed by the focus Jumping means, a focus 
control lead-in level is set according to the values stored 
in the reflected light amount storage means. 
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22. TKe apparatus of claxm 20 wherein a focus con-fcrol 
l©a<3-in l^vei for -the foous jtimping is se-t according to an 
output signal from the focus control means a gain of which 
is changed according to the values stored in the reflected 
light amount storage means- 

23. An optical disic apparatus comprising: 

a focusing means for focusing a light beam on a 
recording medium having first and second information faces; 

a moving means for moving a focal point of the 
light heam focused hy the focusing means in a direction 
suhstantially perpendicular to the information faces of the 
x-^cording medium; 

a ligtit detecting means for detecting a reflected 
light of the focused light beam from the recording medium; 

a focus control means for detecting a focus 
condition of the light beam irradiating the information 
faces on the basis of an output signal from the light 
detecting means, driving the moving means on the basis of 
the detection signal^ and controlling the light beam so that 
the focus condition of the light beam becomes a prescr-ibed 
focus condition; 

a focus ^Jumping means for moving the focal point of 
the light beam from the first information face to the second 
information face by driving the moving means; and 
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a. focus oondi1;ion d.ei:©c-t±ng s^gnaX storacfe means 
f03r siror-lng focus condition ciei;;eot:ing signals wKicli ar-e 
ot^trained wl^en irl^e £ocal point: of the liglit beam is passed 
-tt\3rougK "the fiorst: and second in£o2nnat:ion faces by dx-iving 
"the moving meails so tbat: tbe ligbt beam goes awa.y fr-om ox- 
close to the xacording medium; 

whex-ein^ when a focus jumping is performed by the 
focus Jumping means, a gain of the focus contarol means is 

1:3 changed according to the values stored in the focus 

jz condition detecting signal storage means* 

•1" "IS' 

% 24 • The apparatus of claim 23 wherein, when the focus 

-^■-^ jumping is performed by the focus jumping means, a focus 

^ control lead-in level is set according to the values stored 

ry in the focus condition detecting signal storage means. 

25 . The apparatus of claim 23 wherein a focus control 
lead-in* level for the focus Jumping is set according to an 
output signal from the focus control means a gain of which 
is changed according to the values stored in the focus 
condition detecting signal storage means. 

26. An optical disk apparatus comprising: 

a focusing means for focusing a light beam on a 
recording medium having first and second information faces; 
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a. movinfj means for moving a focal poln-t of -fcli© 
light; beam focused t>y -the focusing m^ans in a diirsction 
subs-tan-tially pearpendicular to the information faces of the 
recox-ding medium; 

a lig'ht caietecting means for detecting a arof lected 
light of the focused light beam . from the recording medium; 

a reflected light amount detecting means for 
detecting a signal corresponding to the reflected light 
amount obtained by the light detecting means; 

a focusr condition detecting means for detecting a 
focus condition of the light beam irx-adiating the 
information faces, according to an output signal from the 
light detecting means; 

division means for dividing a signal from the focus 
condition detecting means by a signal from the reflected 
light amount detecting means; and 

a focus Jumping means for moving the focal point of 
the light beam from the first information face to the second 
information face by driving the moving means on the basis of 
a signal from the division means. 

27- An optical disk apparatus comprising 5 

a focusing means for focusing a light beam on a 
recording medium; 

a moving means for moving a focal point of the 
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llgh-t beam focused by "the focusing means, in a dir-ection 
subs-tan-txaXly perpendic-uiar- -to a inf oirmat:ion face of "tJie 
xecoxding medium; 

a. llgh-t de-tecting means having at: least: -two light-t 
^responsive parts, fox- detecting a xeflected light from the 
recording medium ; 

a focus condition detecting means for detecting a 
focus condition of the light beam irradiating the 
information face, on the basis of a difference of signals 
output from the two light responsive regions of the light 
detecting means ; 

a focus control means for driving the moving means 
on the basis of an output signal from the focus condition 
detecting means, aiid contr-olllng ths light be.am so that the 
focus condition of the light beam becomes a prescribed focus 
condition; and 

a seeking means for moving the light beam in a 
direction perpendicular to tracks on the recording medium 
and seeking a desired track; 

wherein, when a desired track is sought by the 
seeking means, said focus condition detecting means detects 
peak levels of signals output from the two light aresponsive 
regions of the light detecting means, and detects a focus 
condition of the light beam irradiating the infoirmation face 
from a difference of the detected peak level signals. 
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28 . An opticaX dtislc appara-tus for- reparoauGlng 
±nf oirmat^ion irecorded on a reco^rdlng meclxuni havincf "two 
information ±&c^e.3, by iraradiating -fcli© recording mediiim v/ithi 
a focused liglir t>eaiu, tlie appara-tus comprising z 

a moving means for moving a focal poin-t of -tl^e 

Xigni: J^eam i.r3rciaictL-Xi-i.g -tlrict aroooarai-rxg modlvm «o t:lna-t the 
focal point: crosses a track: on -the recording medium; 

a -cracKJLng t^oxiLxoi moario fox- ad-fe^cs-tlno- ;=! i^rsffsi-tional 
error be-fcween -the focal point of the light beam and the 
track on the recording medium, drives the moving means 
according to the track error signal, and controls rhe light 
beam so that the focal point is positioned on the track; 

a focus Jumping means for jumping the focal point 
of the light beam to a target information face, which is one 
of the first information face and the second information 
face, and seeking the tax-get information face; 

• a decentration signal storage means for storing 
decentration signals corresponding to decentrations of 
tracks on the first information face and th© second 
information face when the Jumping and seeking are performed 

t>y the focus J lamping means; 

an adding means fox- adding the decentration signals 
stored in the decentration signal storage means to an OT-itpvit 
signal from the tracking control means; and 



a system contirol means fox* con-tr-ollirkg -tiie system 
so tztiat: a. <3Lecen-t:xa.1::±on s±gnal wli.±cl\ ±s irea^a out: o± "tVie 
decent:x'SL"t±ori signa^l sizoirage mesuns and. coirxesponds "to -th,e 
■tar-gel: inf ormatiori jface is added "to -tlie -fcx-acklng, con-tr*ol 
means ^ wtien ttie Jumping and seeKing are pearfor-med Ir^y "blie 
focus Jumping means. 

29 . An optical disk: appaxa-fcus foar acepxoduoing 
inf 03rmat:ion recorded on a r-ecording medium liaving two 
inf oxma-tion faces, by irradiating tHe irecording medium witli 
a focused ligl\t beam, tlie appar-atus oompr-xsingt 

a moving means for* moving a focal point of tlie 
ligl-Lt iDeam ixiradiating th.e recording medium so that the 
focal point crosses a track on the recording medium; 

a tracking control means for detecting a positional 
error hetween the focal point of the light heam and the 
track on xhe recording medium, drives the moving means 
according to the track error signal, and controls rhe light 
beam so that the focal point is positioned on the track; 

a focus jumping means for Jumping the focal point 
of the light beam to a target information face, which is one 
of the first information face and the second information 
face, and seeking the target information face; 

a tracking gain storage means for storing desired 
loop gains of the tracking control means for the first 



in;6ortnat:ion faca and -fct^e second ±n£o3nna1:ion face, when "the 
Jumping and seeJcing are performed by -the foous Jumping 
means ? 

a mu-l-fciplica-tion means for mul-tiplying -the traclc 
gain signals sjiored in -the tracking gain strox-ag© means by an 
ou-tpiii: signal from -thiG trracKing conirrol means; and 

a system control means for controlling the system 
so that a tr adding gain signal which is read out of the 
traclting gain storage means and corresponds to the target 
information face is multiplied by the output signal from the 
tracking control means, when the Jumping and seeking are 
performed by the focus jumping means. 

30. , An optical disk apparatus fox reproducing 
information recorded on a recording medium having two 
information faces, by irradiating the recording medium with 
a focused light beam, the apparatus comprising: 

a moving means for moving a focal point of the 
light beam irradiating the recording medium so that the 
focal point crosses a track on the recording medium; 

a light detecting means for detecting a reflected 
light from the recording medium; 

a focus control means fox* detecting a focus 
condition of the light beam irradiating the information 
faces on the basis of an output signal from the light 
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d.et:ec^dLnLg means, ajciving tHe moving means on -ttie basis of 
±hie aetec-tion signal, ana con1:xoll±ng tHe lignt beam so that 
tbe focus condition o£ tne light beam becomes a pirescr-ibed 

focus condition ; 

a focTUis Jumping means fox- jumping tbe focal point 
of the light beam to a target infoDrroation face, which is one 
of the fir-st infoxrnation face and the second infoarmation 
face, and seeh:ing the tar-get information face; 

a focus gain storage means for storing desired loop 
gains of the focus control means for the first information 
face and -the second information face, when the jumping and 
seel<ing are performed by the focus jumping means; 

& mult -J pi i cation means for multiplying the focus 
gain signals stored in the focus gain storage means by an 
output signal from the focu.s control means; and 

a system control means for controlling the system 
so that a focus gain signal which is read out of the focus 
gain storage means and corresponds to the target information 
£ace is multiplied by the output signal from the focus 
control' means, when the jumping and seeJcing are performed by 
the focus jumping means. 

31, An optical disic apparatus for reproducing 
information recorded on a recording medium having two 
information faces, by irradiating the recording medium with 
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a £oousedi lAglnt: beam, "tlie appara-fcus <:50inp3r±s±ng: 

a moving means fozr moving a focal point; o£ thi^ 
ligtit t>aam ix-xadiating 1:he recording medium so* -tbLal: tlie 
focal point crosses a -track on th-e recording medium; 

a ligfkt: detecxing meaxis £or doi^octing a reflected 
ligh-t: from -the x-ecording medium; 

a focus con-fcrol means for detecting a focus 
condition of ttie ligUt beam irradiating tiie information 
faces on tl\e basis of an output: signal from the ligUt 
detecting means, driving tiie moving means on tbe basis o£ 
tbe detection signal, and controlling tbe light beam so that 
the focus condition of the light beam becomes a prescribed 
focus condition; 

,a focus Jumping means for jumping the focal point 
Of the light beam to a target information face^ which is one 
of the first information face and the second information 
face, and seeking the target information face; 

a focus position storage means for storing desired 
tai-get positions of the focus control means on the first 
information face and the second information face when the 
Jumping and seeking are performed by the focus jumping 
means ; and 

a system control means fo:r: controllincj the system 
so that the target position of the focus control means is 
changed to a focus position signal that is read out of the 
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f oc\i^ pofiit:±on s-toarage. means and. cox-x-esponds -to -fctio -1:31:931; 
±n£oxiniat:l.on face, when -fctxe Jumping and seelcing ajre pez-foirined 
by "tlie focus Jumping means. 

32* An opTicaX disK appaara-tua for repz-oducing 
inf orma-tion r-ecor-ded on a orecoirding medium having t:wo 
inf O3rmat:±on faces ^ iDy iiraradia'ting -fclne irecoi^'ding medium witih 
a focused ligtit beam, "the appaara-tus oompx-isingi 

a moving means for moving a focai point; of -the 
lighi-fc beam iriradia-ting the recording medium so "thai: -fche 
focal point; crosses a -traclc on -the recording medium; 

a tracking control means for detecting a positional 
error between tlie focal point of the light beam and the 
track on the recording medium, drives the moving means 
according to the track error signal, and controls the light 
beam so that the focal point is positioned on the track; 

a focus Jumping means fox Jumping the focal point 
of the light beam to a target information face, which is one 
of the first inxormaxiion Xoiejtrs oi-kcl -btxe^ octoona in:eorm5^-h i* on 
rcio<^, ojrt.a oooP:i_ng ±Tr\^ "t-i^* Y*a6*±: infox*mation face; 

a tracking position storage means for storing 
desired target positions of the 'tracking control means on 
the first infommtion face and the second information face, 
when the Jumping and seeking are performed by the focus 
Jumping means; and 
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a s:^s:-tem contix-oX means for- controlling the sys-tem 
so "tb-at: t;li© -targe-fc position of th.© -fcraLoking csontrarol means is 
changed to a tracking position signal which is xaad oxit of 
the t3?3ckingr position storage means and. coriresponds to the 
target infonna;tion face, when the jumping and seeking aare 
pexfoirmed by the focus jumping means. 

33, An optical distc apparatus compirising: 

a focusing means for focusing a light heam on a 
recording medium having fix-st and second information faces; 

a moving means fox- moving a focal point of the 
light beam focused by the focusing means in a direction 
substantially perpendicular to a tr-ack on the r-ecording 
medium ; 

a light detecting means for detecting a reflected 
light from the recox-ding medium at a plurality of light 
responsive parts ; 

a phase difference track earroo: detecting means fox- 
generating a. phase difference track error signal 
corresponding to the positional relationship between the 
focal point of the light beam and the track on each 
information face, on the basis of the phase relationship of 
signals output from the respective light responsive parts of 
the light detecting means; 

a tracking control means for driving the moving 
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means a-acor-ding -fco an ou'tput: slg^nal from "tli© pliase 

J.±gl-i1: beam on -fcl^e ±nf 02rmat:xon face so -tyiat: i:he focal po±nt: 
of -tKe li.gti-t beam seeks -fche ■txacK coir2rect;ly ; 

a foc\is Jumping means fox* jumping -tb.a focal poin-b 
of the l±gli1: beam to a target Information face, wtiich is one 
of -tbe f xarst information face and tlie second Infoarmatxon 
face, and seelcing tbe target infoarmation face; 

a pbase offset storage means for storing delays or 
lead3 of signals output from ttie respective liglit responsive 
parts of ttie liglit detecting means, said delays or leads 
providing desired values for output signals from tne pliase 
difference track errox* detecting means on tUe first 
information face and tlie second information face, wben ,tKe 
jximping and seeking are performed by the focus jumping 
means ; and 

a system control means for controlling tKe system 
so that 'the delays or leads of the signals from the 
respective light responsive parts of the Ixght detecting 
means aire changed to a phase offset signal that is read out 
from the phase offset storage means and corresponds to the 
target infoi-mation face when the Jumping and seeking are 
performed by xhe foous jumping means. 
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ABSTRACT OF THE DXSCLOSXJBE 
An optical disk appai:at:us comprises a :eoousing means: 
fo3r focusing a ligli*t: beam on a r-ecoarciing medium Having fiirsl: 
and second inf ox-matrion faces; means for* moving a focal point: 
of t:l:\© liglai: bjsam in a direction sial3St:ant;ially perpendicular^ 
-to "fclie inf oxTuation faces of 1:lie recording medium; means for 
de1:eat;ing a reflected liglit from t:!h.e recording medium; means 
for de-tecting a focus condition of -fclie ligtit: beam on irlie 
basis of an ou-tput signal from ttie reflected ligbt detecting 
means; a focus control means for driving tbe focal point 
moving means on tbe basis of an output signal from tlie focus 
condition detecting means, and controlling tbe ligbt beam so 
tbat tbe focus condition of tbe ligHt beam hocam^s a 
prescribed focus condition; and a focus jumping means for 
moving the focal point of tbe ligbt beam from the first 
information face to the second information face by driving 
the focal point moving means. The focus jumping means 
comprises an accelerating means for moving the focal poJ-n-c 
of the light beam from the first information face to the 
second information face; a timing signal generating means 
for generating a timing signal that operates the focus 
control means on the basis of an output signal from the 
focus condition detecting means; and a decelerating means 
for decelerating the moving speed of the focal poinr of the 
light beam in response to a signal from the timing signal 
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genearatxng maans . Xn -tnis appairairus, xn -tba focus coxitarol 
holding st:a*te, tlie acGelerating aignal and -the deceler-atlng 
signal, hav±ng opposx-te polari-tx^s , are applied "to the light 
iDeam moving means, whezrehy the light heam is moved between 
two informatioi> iaces- Fux-ther, the lignt t>©am ' s xeaoViing a 
taxget infoxmation £aoe or* going a little over* the 
information face is detected hy an output fr*om the light 
beam focusing condition a^teoting means, whereby the focus 
control means is operate*!. Therefore, in a dual-layex- dlsl« 
ox- a multiple-layex aisK, the focus Jumping from one 
information face to anotbex information face can be 
performed at high speed, with high reliability. 
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DECLARATION AND POWER OF ATTORNEY FOR U.S. PATENT APPLICATION 

(X) Original ( ) Supplemental ( ) Substitute ( ) PCT ( ) Design 

As a below named inventor, I hereby declare that: my residence, post office address and citizenship are as 
stated below next to my name; that I verily believe that I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: 
Title: OPTICAL DTSK APPARATUS 

of which is described and claimed in: 
( ) the attached specification, or 

(X) the specification in the application Serial No, filed July 29. 1996 ; 

and with amendments through (if applicable), or 

( ) the specification in International Application No. PCT/ , filed , and as amended on 

(if applicable), 



^ hereby state that I have reviewed and understand the content of the above-identified specification, including 
iJ the claims, as amended by any amendment(s) referred to above, 

" IT"' 

==p I acknowledge my duty to disclose information of which I am aware which is material to the examination of 

|y this application in accordance with Title 37, Code of Federal Regulations, §1.56(a). 

C3 I hereby claim foreign priority benefits under Title 35, United States Code, §119 (and §172 if this application 

is for a Design) of any foreign application(s) for patent or inventor^s certificate listed below and have also 

C3 identified below any foreign application for patent or inventor's certificate having a filing date before that of 

^ the application on which priority is claimed: 



COUNTRY 


APPLICATION NO. 


DATE OF nUNG 


PRIORITY 
CLAIMED 


Japan 


07-191680 


July 27, 1995 


Yes 


Japan 


08-081245 


April 3, 1996 


Yes 



































I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Tine 35, United States Code, §112. I acknowledge the duty 
to disclose material information as defined in Title 37, Code of Federal Regulations, §1. 56(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 



APPLICATION SERIAL NO* 


U,S, HLING DATE 


STATUS: PATENTED, PENDING, 
ABANDONED 





















And I hereby appoint John T. Miller Reg. No. 21,120; John T. Fedigan Reg. No. 24,347; Michael R. Davis Reg. No. 
25,134; Matthew M. Jacob Reg. No. 25,154; Jeffrey Nolton Reg. No. 25,408; Warren M. Cheek, Jr., Reg. No. 33,367, Adam 
C. Volentine, Reg. No. 33,289, and Nils E, Pedersen, Reg. No. 33,145, who together constitute the firm of WENDEROTH, 
LIND & PONACK, jointly and severally, attorneys to prosecute this application and to transact all business in the U.S. Patent 
and Trademark Office connected therewith. 

I hereby authorize the U.S. attorneys named herein to accept and follow instructions from 

HAYASE & CO. as to any action to be taken in the U.S. 

Pateni and Trademark Office regarding this application without direct communication between the U.S. attorneys and myself. 

In the event of a change in the persons from whom instructions may be taken, the U.S. attorneys named herein will be so 

notified by me. 



Send Correspondence to Direct Telephone Calls to: 

WENDEROTH, LIND & PONACK WENDEROTH, LIND & PONACK 

Southern Buildmg - Suite 700 Area Code (202) 371-8850 

805 Fifteenth Street, N.W. / 
Washington, D.C. 20005 Direct Facsimile Messages to: 

Area Code (202) 371-8856 ^ " 



Full Name of 
First Inventor 


FAMILY NAME 

WATANABE 


nRST CrVEN NAME 

Katsuya 


SECOND GIVEN NAME 


Residence & 
Citizenship 


crrv 

Osaka-fu 


STATE OR COUNTRY 

Japan 


COUNTRY OF CITIZENSIIIP 

Japan 


Post Office 
Address 


ADDRESS crrv 

Osakafu Suitashi Shinashiyakami, 13-8-304, 565 Japan 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Second Inventor 


FAMILY NAME 

MORIYA 


nRST GIVEN NAME 

Mitsurou 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 

Nara-ken 


STATE OR COUNTRY 

Japan 


COUNTRY OF CITIZENSHIP 

Japan 


Post Office 
Address 


ADDRESS CITY 

Naraken Ikomasi Hikarigaoka, 3-1-29, 630-01 Japan 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Third Inventor 


FAMILY NAME 

YAMADA 


FIRST GIVEN NAME 

Shin-ichi 


SECOND GIVEN NAME 


Residence & 
Citizenship 


crry 

Oosaka-fu 


STATE OR COUNTRY 

Japan 


COUNTRY OF CITIZENSHIP 

Japan 


Post Office 
Address 


ADDRESS crrv 

Oosakafu Katanosi Kisabe, 1-51-8, 576 Japan 


STATE OR COUNTRY ZIP CODE 


Full Name of 
Fourth Inventor 


FAMILY NAME 

EDAHIRO 


HRST GIVEN NAME 

Yasuaki 


SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 

Osaka-fu 


STATE OR COUNTRY 

Japan 


COUNTRY OF CITIZENSinp 

Japan 


Post Office 
Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 

Osakafu Habikinoshi Minamieganosou, 5-305-3, 583 Japan 



Full Name of 

J; iiLU lit vcuiui 


FAMILY NAME 

YAMAMOTO 


nRST GIVEN NAME 

Takeharu 


SECOND GIVEN NAME 


17Aci/1on/*A JSr 

Citizenship 


CITY 

Osaka-fu 


STATE OR COUNTRY 

Japan 


COUNTRY OF CITIZENSIIIP 

Japan 


Address 


ADDRESS CITY STATE OR COUNTRY ZIP CODE 

Osakafu Takatukisi Otukachou, 2-chome 17-23, 569 Japan 


Full Name of 


FAMILY NAME 


nRST GIVEN NAME 


SECOND GIVEN NAME 


Sixth Inventor 
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CITY 


STATE OR COUNTRY 


COUNTRY OF CmZENSIIIP 


Citizenship 








Post Office 


ADDRESS 


CITY 


STATE OR COUNTRY ZIP CODE 


Address 









I further declare that all statements made herein of my own knowledge are true, and that all statements on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code» and that 
such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 



1st Inventor 



Katsuya Watanabe^^ 



2nd Inventor /^xtl^i^jPiA^ C Mt^XH^<^ 

X4 it-ci i-r>nii KArtMi/a W 



3rd Inventor 



Mitsurou Moriya 



Shin-ichi Yamada 



4th Inventor *fi/u/Vu )ytA ' 

Yasuaki Edahiro 
5th Inventor '\Ak^ tYxV^A \^ \/tA/ktAA,n*^ 

Takeharu Yamamoto^ 



6th Inventor 'TTl^ 
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The above application may be more particularly identified as follows: 
U.S. Application Serial No. 08/688.294 



Filing Date July 29. 1996 



Applicant Reference Number P-1 39 18-01 



Atty Docket No. 1489-P-l 39 18-01 



Title of Invention OPTICAL DISK APPARATUS 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Filed October 29, 1999 

Optical Disk Apparatus 
(Rule 1.53(b) Divisional 
of Serial No. 08/688,294, 
Filed July 29, 1996) 



Assistant Commissioner for Patents 
Washington, DC 20231 



Effective immediately , please note the following change of address for the 
undersigned attorney of record; 



WENDEROTH, LIND & PONACK, L.L.P. 

2033 «K" Street N.W. 

Suite 800 
Washington, D.C. 20006 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 



In re application of 



Katsuya WATANABE et al. 



Serial No. [Not yet assigned] 



Attn: Application Branch 



CHANGE OF ADDRESS 



Sir: 



Respectfully submitted. 




Michael R. Davis 
Registration No. 25,134 
Attorney for Applicants 



MRD/klw 

Washington, D.C. 20006 
Telephone (202) 721-8200 
October 29, 1999 
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